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PREFACE 


For the last few years there bas been growing an awareness in the country that if our 
students are to be given useful knowledge of contemporary science, the syllabi need updating. 
The learning period remaining the same, a fresh approach has to be made to cope with the 
exponential growth of the subject. The Central Board of Secondary Education, New Delhi 
has introduced new and advanced course in Physics in the secondary school curriculum 
which would cultivate scientific temper and scientific thinking. It is with this aim in view 
that the present book FUNDAMENTALS OF PHYSICS for class X course for the academic 
stream of the 10+2 pattern of education has been written. The book has been written after 
a long and direct contact of about 27 years with the students of Physics and in this period of 
contact, I had the priviledge to come across the actual problems confronting the students. A 
sincere and strenuous effort has been put in. 


The subject matter included in this book is in accordance with the new syllabus. Each 
chapter in the book is self-contained and comprehensive. The material included in the book 
is in conformity with the trend of the new scheme i.e, to introduce a more basic approach to 
the study of Physics from the point of view of clarity, comprehension and application. 


SI and c.g s. systems of units have been used throughout. Many solved examples and 
unsolved problems are given in SI system. The questions at the end of each chapter have 
been framed which would keep the student’s mind always active—an approach which is quite 
adverse to the traditional one. ; 

The symbols used in the book have been selected mainly in conformity with the 
recommendations of N.C.E.R.T. and C.B.S.E. Other special features of this book are :— 

(i) Language is simple and lucid. a 

(ii) Diagrams are clear, neat, well-illustrated and accurately drawn. 

(iii) The style of the book anJ quality of content is such that it would lead the student 
to better understanding and he would gain self-confidence, and would abhor 
hankering after cheap books which give memory courses only. The students would 
be able to face the examinations with confidence. 


(iv) Greater emphasis has been laid on basic concepts 


(v) The book will increase the students’ ability and willingness ro inquire for 
themselves. 


(i) 
The aim of the book is, however, not to replace the teacher. The teacher in the class- 


room caw always train a young pupil on proper lines ; the present book is to serve as an aid 
for this purpose. 


Iam thankful to several of my colleagues from Public Schools, Central Schools, 
Government and Aided Schools, friends and students for their valuable suggestions, criticism 
and help in the preparation of this book. [ shall feel greatly obliged to those readers who will 
bring to my notice the errors and shortcomings of the book and forward to me their 
suggestions for its improvement. 


In the end, I sincerely thank M/s Pitambar Publishing Company for publishing this 
book in a very short span of time, 


K.K. MOHINDROO 


NOTE 


In order to achieve the main objectives of the Physics course 
effectively, it is important that the classroom teaching be supported 
by demonstration experiments. Teachers may encourage 
discussion between students to clarify concepts. Students 
may be involved in simple activities and projects for developing 
scientific temper ; enquiry approach ; laboratory skills and a proper 
understanding of the concepts and phenomena relating to everyday 
life situations. 


Practice in solving relevant numerical problems needs to be 
emphasized. 
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II States of Matter 
II Waves & Sound 


IV Light 12 

V Electricity & Magnetism 13 

VI Atomic Structure of Matter 5 
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I OUR JOURNEY ROUND THE SUN Periods -5 


This unit deals with a brief account of the structure of the solar system. As such it is 
related to Unit I of class IX where a general description of the night sky (the stars 
constellations and planets) was given. The rotatory motion of the earth about its axis and 
around thè sun is discussed in detail. The contents of this unit would thus help students to 
understand and appreciate various natural phenomena like length of the day and change of 


seasons. 
Content 

The sun, brief description of the planets, motions of the Earth, ch i 
aie ae change of seasons, sign 


Il STATES OF MATTER Periods : 15 

The major objective of this unit is to enable students to distinguish between i 

P peti: che 3 various 
properties of solids, liquids and gases on the basis of their structure and 
existing between the particles. py ai neape chee. 

The concept of elasticity, phenomenon of surface tension, Archimede’s princi 
Bernoulli’s principle has been di i ing i i Prince Ane 
ee oa principle has been discussed and explained by taking interesting axamples from 
Content 

Solids : Elastic properties 

Fluids : Liquid surface as a stretched membrane, capillary action, Archimede’s princi 
liquid and air pressure, flow of fluids, statement of Bernoulli's princi opaan 
applications. is principle and its simple 


IHI WAVES AND SOUND Periods : 11 


Students are quite familiar with waves formed in strings and on water 
Common properties of these waves lead to understanding of the properties of ps er 


(vi) 


electromagnetic waves. Vibrations of the oscillating particles can be considered, as it helps 
to clear the properties of mechanical waves which generate sound in a medium. This unit is 
also aimed at developing the concept that wave motion isa process of transference of energy 
and momentum from point to point in a medium. 


The qualitative idea of the principle of superposition of waves leading to the formation 


of standing waves in string and phenomenon of interference, polarisation and diffraction are 
also dealt with, 


Content 


__ Waves: The ripple tank, water waves, other example of wave motion, transverse and 
longitudinal waves, periodic waves: amplitude, wave length, frequency, time period, 
superposition of waves, interference, reflection, standing waves, polarisation, diffraction and 
refraction. 


Sound : Speed of sound, some sources of sound, characteristics of a sound wave— 
intensity, pitch and quality, ear as an instrument of hearing, resonance—air columns. 


IV LIGHT Periods: 16 


i In lower classes students have studied about reflection of light and some applications of 
this phenomenon. In this unit stress is laid on the laws of reflection and refraction as on the 


basis of these laws all geometrical optics can be developed. Ideas of ray and image formation 
have been given. 


Characteristic features of spherical mirrors and lenses have been developed. The 
relationship between object distance, image distance and focal length has been established by 
using simple geometrical properties. The change in the direction of light rays from one trans- 
parent medium to another i.e., through a glass slab, prism and lenses, together with the 
phenomenon of total internal reflection with its application in mirage, fibre optics have also 
been discussed. 


Some practical uses of mirrors/lenses in making of optical instruments like microscopes, 
telescopes and spectacles for correcting the defects of vision have been included to bring out 
their importance in daily life. 


Content 


Reflection of Light : Reflection at plane surfaces, spherical mirrors, their focal length : 
graphical method for locating image of an object, sign convention, derivation and use of 


È 1 I x 7 7 
mirror formula SE +5 =F magnification and uses of spherical mirrors. 


Refraction of Light : Laws of refraction, total internal reflection-its_applications-mirage, 
apparent depth of a transparent medium, light pipe and fiber optics, spherical lenses, its power, 


: ; 1 1 1 y Â 
image formation by convex lenses and use of lens formula Trt F’ lateral magnification. 
y u 


Thé Eye-defects of vision—their remedy ; Magnifying glass—its magnifying power ; 
compound microscope, astronomical telescope (magnifying power not to be derived for any of 
these) ; dispersion of light by a prism, ligh; >s a wave. 


V. ELECTRICITY AND MAGNETISM Periods : 20 


The practical applications of electricity are numerous and well known. The objective 
of this unit is to introduce students to the study of static and current electricity in such a way 
that various phenomenon observed in daily life and concerned with this aspect of nature can 
be understood. 


j 


(vi) 


The concepts of charge, field intensity and potential have been introduced in static 
electricity. The current as a flow of charges, resistance and potential difference are the three 
basic concepts which have been dealt within current electricity. The sources of current —its 
various effects, simple circuits and their practical applications have been discussed. Magaetic 
effect of current and its applications to galvanometer, motor etc, are also discussed. [mpor- 


tance of earth’s magnetic field has been highlighted in the form of eluments of earth’s magnetic 
field. 


Content 


Electricity : Electric charge ; conductors and insulators : electric induction ; Coulomb’s 
law of force between charges ; principle of superposition, electric field, electric lines of force ; 
potential difference. Electric current and its unit, resistance. Ohm's law, resistances in series 
and parallel, resistivity, heating effect of electric current, electric power and watt, electric 
energy kilowatt hour. Chemical effect of current, electrolysis and its applications, 


Magnetism and Electromagnetism Properties of bar magnets, magnetic field and lines 
of force, magnetic field around a straight conductor, field due to a circular coil and a solenoid, 
force on a current carrying conductor placed in a magnetic field, interaction between two 
current carrying wires, unit of current, galvanometer, ammeter and voltmeter-construction and 
working (qualitative treatment only). Use of galvanometer as an ammeter and a voltmeter. 


Electromagnetic induction, electric generator, simple idea of transformer, household 
electric circuits and fuse. 


Elements of earth's magnetic field. 


VI ATOMIC STRUCTURE OF MATTER Periods : 7 


Atomic energy has become a household name in the modern world. As all human 
progress including economic development depends on the use of this energy, Tt is thus very 
important for the child to know about the structure of atoms. Radioactive elements have 
various useful applications as well as harmful effects and so it is the right time to give the idea 
of radioactive substances. 


Content 


Granular structure of matter, atomic motion, structure of atoms. Isotopes, radioactivity, 
nuclear reactions, fission and fusion, uses of radiations and radioisotopes. 
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CHAPTER 1 


Our Journey Round the Sun aes 


1.1. INTRODUCTION 


A casual glance at the night sky reveals a 
variety of interesting objects. In class IX, you 
have learnt how to identify some of the celes- 
tial objects visible at night to the naked eye. 
They appear to move across the sky from east 
to west. The apparent motion arises because 
of the rotation of the earth about its axis. 
The earth on which we live is simply one of a 
family of planets revolving around the sun, 
while the sun itself is no more than one very 
ordinary star in the huge stellar system—the 
Milky Way—which is our galaxy. Likewise, 
our galaxy is merely one minute speck among 
the vast hordes of galaxies which stretch to the 
edge of the observable universe—some of them 
so far distant that their light takes thousands 
of millions of years to reach us. (Light travels 
with a speed of 3x108 m/s). Against the 
background of the universe, the Earth seems 
very insignificant indeed. How much more 
insignificant is man ! 


The sun, its planets, their moons ; comets 
and various smaller pieces of orbiting rock, 
make up the solar system In recent years 
the family has been increased by hundreds of 
artificial earth satellites. The sun is so vast— 
750 times as big as all the rest of the matter in 
the solar system put together—it ‘is able, by 


its great gravitational pull, to hold all this 
matter spinning round it. 


In this chapter, we will learn more about 
the sun, the planets, motions of tlie earth ; 
change of seasons und sign of the zodiac i.e., 
changes that appear in the night sky as we 
journey round the sun. 


1.2. THE SUN 


The sun is only a very ordinary star, but to_ 
our earth, and everyone on it, it is all-impor- 
tant. This fiery ball of hot gas breathed life 
into our planet, giving us warmth and light. 
Without it the earth would be a cold, airless 
and lifeless ball of rock wandering in space. 


Our sun is not a particularly big star. It 
seems large because it is very much closer to 
earth than any other. Its distance from the 
earth is about 150 million km (which is called 
the astronomical unit), so close by astrono- 
mical standards, its light reaches earth in only 
8 minutes. Light from the next nearest star, 
Alpha Centauri, takes over 4 years to reach us. 
Distances between us and the stars are so great 
that they are measured in light-years. A light- 
year is the distance that a beam of light travels 
in a year—and light travels at the almost un- 
believable speed of 300000 km/s. Nothing. 
travels faster than light. 


Fig. 1.1, Solar System 


__ Like other stars, the sun is made of hydro- 

_ gen and helium. At the very great tempera- 

ture and pressure in its interior—14° million 

degree celcius and 400000 million times atmo- 

= spheric pressure on carth—hydrogen changes 

into helium, giving out colossal energy. This 

_ process is called therrivo-nuclear fasion. The 

sun possesses a huge amount of hydrogen fuel. 

It has been burning for 5000 million years and 
will continue to bura for as long again. 


The mass of the sun is nearly 2> {030 kg 
and its radius is 7x 10% m. it is huge compa- 
red to the earth, its diameter being 109 times 
that of the carth and its mass 333000 times 
the earth’s mass. Its volume is approximately 

- 1 million times the volume of the earth. From 
its volume and mass one can compute the den- 
sity, which is 1400 kg m8, about jth the 
density of the earth. 


- The surface of the gun that we see from 
earth is called the € and it is a 
thin layer only 100 km that gives out 
light and heat rays. Its temperature is 6000 K— 
at this temperature material we know 
will melt and vaporise. Beneath is a- zone 
where hot gases churn from the interior, 
producing a patchwork oi granules across the 
surface, as big as the earth. 


SUNSPOTS 
(DARK AREAON! ©. 
SURFACE} 


FLARE (SHORT-LIVED) 
SMALL, VERY BRIGHT 
AREA NEARSUNSPOT , 


-> PROMINENCES ete 
(SCARLET CLOUDS OF 
MATERIAL NEAR LIMB) 


PHOTOSPHERE -— 
(APPARENT 

SURFACE OF SUN) 
1.4= 106 Km 


Above the surface is the chromosphere, 
the sun’s inner atmosphere, and the corona, 
the outer atmosphere; these cannot usually 
be seen from earth. However, when the sur- 
face is hidden during a solar eclipse, the sun’s 
atmosphere can be seen surrounding it like a 
halo of light. 


he surface, 
but cven so they are yxy hot. Often solar 


corona. Hot shoot out by as much as 
half a million Kilom : 


sphere. 

The sun is the main source of energy for 
all members of the solar system. It radiates 
energy of nearly 1026. joule second in all 
directions. The earth Se only a small 
fraction (about 0:00005%) of this energy. On 
its way to the earth some energy is scattered 
by air, clouds, dust particles etc., in the sun’e 


‘> =— CORONA (PEARLY GLOW 
> - OUTSIDE CHROMOSPHERE) 


GRANULES (CONTINUALLY CHANGING 
SMALL. BRIGHT AREAS ALL OVER 
PHOTOSPHERE, GIVING IT a 
MOTTLED APPEARANCE} 


Fig. 1.2, Layers and features of the sun 


On the top of the atmosphere, 
the earth receives energy equal to 1-39. x 10% 
watt/metre? known as solar constant. Of 
this nearly one-third is reflected back into 
space by the atmosphere of the earth. Planets 
and other objects in the solar system also 
reflect part of the sunlight falling on them. 
This makes them visible to us. 


atmosphere. 


Fig. 1.3.) An elliptical orbit with its foci <“, and Fs. 
The planets and other members of the solar 


system move around the sun in oval paths 
called orbits. These orbits are mostly ellipti- 
cal (Fig. 1.3). One of the two foci of these 
orbits coincides with the position of the sun. 
Surprisingly, the sun is not at the centre of the 
solar system. 


The sun is thought to have formed froma 
huge cloud of gus and dust, of which there are 
many in our galaxy. Slowly the gas cloud 
contracted, and as it did so. it began to get 
hotter and to spin. Eventually the pressure 
and temperature in the centre became sufficient 
for nuclear reactions to begin, and the sun 
rapidly attained its present temperature and 
settled down to a stable state. Ultimately, 
though, the sun will use up all its nuclear fuel. 
It will then collapse and explode—but this need 
not concern us much, as it will take place at 
the earliest in five thousand million years’ 


time. A 
13, THE-PLANETS 


The nine planets of the solar 
very different from one another, as the follow- 
ing brief descriptions and table 1.1 show. The 

riod of rotation is the time it takes the 
planet to turn once itself ; it is the length of 
the planet's day. The period of revolution 
(or orbital period) is the planet's year—the time 
it takes to go once round the sun, By axis we 
mean the central line around which a planet 
rotates, Its tilt “« the angle at which it lies 


system are- 


3 
to a line drawn at right angles to the direction 
of the sua. The planets revolve round the sun 
in different orbits which are all elliptical in 
shape (Fig. 1.1). The sun is always at one of 
the foci of these orbits. All the planets move 
in the same direction and very nearly in the 
same plane. d 

Some details about the planets relating to 
their mass, diameter; density ; distance from 
the sun ; period of rotation ; period of revolu- 
tion ; tilt of axis; surface gravity etc., etc., are 
given in table !.! (page 4). 


Mercury (Budha) : 


Mercury is the planet nearest to the sun. 
It always appears in the same part of the sky 
as tbe sun, so very few people have ever seen 
it, Astronomers had to wait until the Mariner 
10 space probe flew past mercury in- 1974 to. 
get a good look at its surface. The surface of 
mercury is marked by craters of all sizes caused 
by the impact of meteorites carly inthe planct’s 
history. Due to extremes of temperature bet- 
ween day and night and absence of any atmos- 
phere, no life is possible on this planet, ; 
Itisa small planet, but it is one of the 
densest. Astronomers believe that it bas a:large 
iron core. ; 
It rotates slowly because the gravitational 
pull of the sun acts as a brake on Me 
rate of spiñ. a 
As viewed from the carth; its maximum 
angular separation from the sun can -be 28° 


Fig. 1.4. Mercury as viewed fom the cart 


*Table 1'1. About Planets 


Diameter (km) 
Mass (Earth=1) 


oo 
ca 
E 
e 
a 


Period of Rotation 


Period of Revolu- 
tion (Sidereal) 


Surface Tempera- 
Density 10* kg m” 


‘Average distance 
ture 


from the sun 
(million km) 


Surface gravity 


Tilt of Axis 
(Earth=1) 


340°C 
(by se} 


3°43 


—17S°C 
by night 


179° 


Bot is 
0°05 2} About 
—230°C 


the sun. It, 
morning star in 


(Fig. 1.4). In other words, the maximum 
angle between the direction of the sun and 
that of planet mercury, at any point of time, 
as viewed from the earth is 28°. Thus to us 


time after 
“it never appears to move very far away from ee 


No. of Satellites 


= ey 


therefore, appears either as a 
j the east (sometime before sun 
tise) or as an evening star in the west, some- 


Atmosphere 


None 


Mainly carbon 
dioxide with 
clouds of sulphuric 
acid 


Nitrogen and 
oxygen with 
clouds of water 
vapour 


Mainly carbon 
dioxide, some 
nitrogen, argon 

and a little oxygen 


Hydrogen, 
helium, ammonia, 
methane 


Hydrogen ; 
helium ; methane 


Hydrogen ; 
helium ; methane 


Hydrogen ; 
helium ; methane 


Probably none 


*The data provided in the table 1*1 is only for the information and the students need not memorize it 


Venus (Shukra) : 


Venus is the second planet from the sun. 


Although it is further from the sun than mer- 
cury it is the hottest of all the planets. This is 
because it has an atmosphere which acts rather 
like the glass in a greenhouse to heat its surface. 
The day time temperature there is a sizzling 
475°C, hot enough to melt several metals such 
as lead, tin and zine, 


-Venus is almost the same size as the earth, 
but it is smothered in an atmosphere of carbon 
dioxide about a hundred times as dense as 
ours, Pressure on the surface isso dense that 
it is the same as the pressure 1000 metres deep 
in our ocean. Under these circumstances, there 
is no possibility of life on this planet. 


Venus looks bright in our sky because it is 
the nearest planet to earth; and because it has 
a dense cover of white clouds which reflect the 
sunlight well. These clouds hold droplets of 
deadly sulphuric acid. The only view we have 
had beneath these dense clouds is from photo- 
graphs taken by space probes. They show 
barren scenes of tumbled rock. 


Venus rotates backwards compared to 
other planets, and turns once on its axis in 
243 days (Fig. 1.5). A day on Venus lasts for 
over 7 earth years—from sun rise to sunset is 
over 3} of our years. And the sun rises in the 
west and sets in the east: Astronomers 
describe its motion as retrograde. Venus has 
no strong magnetic field or radiation belts. 


Fig. 1.5. Venus spins on its axis in the opposite 
direction to the other planets. 


5 


__ As the planet Venus travels round the sun, 
it goes through a complete cycle of phases from 
new, when it is completely dark, and close to 
the sun in the sky, to full, when its visible 
hemisphere is completely illuminated and it is 


SUPERIOR CONJUNCTION 


GREA [EST 
EAST. 
ELONGA~ 


EARTH 
INFERIOR CONJUNCTION 


Fig. 1.6. Venus as viewed from Barth. 
SUPERIOR CONJUNCTION 


INFERIOR CONJUNCTION 
Fig. 1.7. Changing phases of Venus. 
opposite the sun in the sky, and back b 
Why this is so is readily seen from the (Fig. 1.6) 
and (Fig. 1.7). Venus moves round the sun in 
orbits within the earth’s and shows phases like 
the moon. When itis on the far side of the- 
sun, its illuminated hemisphere is turned 
towards us, whilst when it is roughly between 
us and the sun, its dark side faces the earth 
(Fig. 1.6). The planets moving within the — 
earth’s orbit, that is, Mercury and Venus, are 


-called the inferior planets whilst those out- 


side the earth's path are the, superior 
planets. When: a planet lies in line with the. 
sun as seen from the earth, it is said to be in 
con: Now, the inferior planet, venus, 
comes into conjunction at two points in its 
orbit—once ‘hen it comes between the earth 


and the sun, inferior conjunction, and again 
` ‘when it is on the far side of the sun, superior 
conjunction (Fig, 1.6). 


When venus is at its greatest apparent dis- 
tance from the sun, the angle between the 
earth, the planet venus and the sun is 90° 
This position is called greatest elongation, 
east or west depending on whether the planet 
appears to lie east or west of the sun in the sky. 


Venus also appears as a morning. or an 
evening star to us. Its greatest angular separa- 
tion is nearly 48° (Fig. 1.6). It appears as a 
morning star for 292 days and as an evening 
star during the next 292 days, 


When an inferior planet, . venus, passes 
across the face of the sun, it is said to be in 
transit. Ifthe plane of Venus’s orbit were 
exactly the same as the earth’s, then a transit 
would occur once every. synodie period i.e., the 
period between successive inferior conjunctions 
of venus. Transit of venus is very scarce 
(next transit in 2004), 


The Earth (Prithvi) : 


In many ways, our planet is not an unusual 
one when compared with the other members 
of the solar system. It is much the same size 
as several other planets, and is surrounded by 
an atmosphere or mass of gases, as are most 
other planets, . 


Inside it has a core of hot liquid metal 
which gives the earth a magnetic field extending 
out into space. This is what causes compass 
needles to point north, However the reason 
for earth’s magnetism is not wholly understood. 


However, there is one big difference between 
the earth and the other planets, and its beauti- 
ful blue and white appeamance is a clue to this 
difference—for no other planet looks like the 
earth. The difference is water—the blue of 
the.oceans and the white of rain bearing clouds 
mark out our planet as a special place in the 
solar system. The possession of water gives 
earth life, for life as we know it depends on 
water. Most forms of life also need oxygen, 
which is in our atmosphere, and our atmos- 
phere also protects us from harmful rays 
coming from the sun. The atmosphere is com- 
posed mainly of two gases, nitrogen (78%) and 
oxygen (20%). Carbon dioxide, water vapour 
and clouds prevent all the heat which reaches 
the ground from being reflected away again. 

The earth is also unusual because it has one 
moon, other planets having either. none or 
several moons. Our moon is comparatively 
large and the pull of its gravity raises the tides 
on earth (Fig. 1.10), 

Motions of the Earth 


The earth has four independent motions. 
(1) As a part of the solar system, the earth is 
Moving in space along with the sun. However, 


Fig, 1.8, The Barth seen from lunar orbit, 
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Fig. 1.9. What is the earth made of ? 
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Fig. 1.10. Tides 


since the space is so vast and the stars are s0 26000 years to complete one round. One 
far away from the earth, for centuries this consequence of this motion would be that in 
motion has not produced any major observable the distant future the axis of rotation of the 
effect. (2) The earth moves round the sun in earth will move away from the pole star. In 
an elliptical orbit with the sun at one of the A.D. 14000, it will be pointing towards the star 
foci. (3) The earth rotates about its own axis. Vega (Fig. 1.12). r 
(4) The axis of the earth also precesses like 

that of a spinning top (Fig. 1.11). However, Kepler put forward three laws of plane- 
this is a very slow motion and takes nearly tary motion as follows : 


Fig. 1.11. Precession of the axis of rotation of 
the earth. 
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Fig. 1.12. Precessional Path of the North Celestial 
Pole. The celestial pole describes a circle having a 
radius of 23} with the ecliptic pole at its centre. 
-Ist Law 
Planets move around the sun in elliptical 
orbits with the sun at one focus of the ellipse. 


Second Law 


The line between a planet and the sun (the 
radius vector) sweeps out equal areas of space 
in equal time. Thus the area SAB equals the 
area SCD (Fig. 1.13). Hence a planet moves 
fastest when nearest the sun (perihelion) and 
slowest when farthest away (aphelion). 


Third Law 


The square of the orbital period depends on 
the cube of a planet’s distance from the sun. 


EARTH'S ORBIT 


Fig. 1.13. 


The earth revolves around the sun in an 
elliptical orbit with the sun at one of the foci. 
The semi-major axis of this ellipse is 
149597800 km and the semi-minor axis is 
149577000 km. ‘The distance of the sun from 
the centre of the ellipse is 2501580 km. The 
distance between two foci is 5003160 km, 
Since in the case of the earth the semi-major 
axis is nearly the same as the semi-minor axis 
for all practical Purposes we can take the orbit 
to be a circle of radius 1:5x 1011 m, The earth 
completes one round of the sun in 365} days 


and we call this period a year. The earth 
moves around the sun with a speed of 
105 km/h. It moves faster when it is closer to 
the sun. 


The points where the axis of the earth cuts 
the earth’s surface define the two poles—the 
north pole and the south pole. This axis also 
passes through the centre of the earth. The 
earth completes one rotation about its axis in 
23 hours 56 minutes with respect to stars: But 
in the meantime earth also moves forward in 
its orbit. As a result the Position of the sun 
as seen against the background of stars also 
changes in the space, Therefore to be in 
exactly the same position with respect to the 
sun the earth takes another four minutes. Thus 
the period of rotation of earth is taken as 24 
hours (Fig 1.14). In other words if we reckon 
our day from one noon to the next noon, 


the earth rotates about 4° more than one com- 
plete rotation of 360°. The day reckoned on 
the basis of 360° rotation is called a sidereal 
day. Hence the length of the day is 24 hours, 
since the time measurement are done with 
reference to the sun. It rotates from west to 
east, so that the sun appears to move from east 
to west. The rotation of the earth about its 
own axis causes day and night. The part of 
the earth facing the sun receives light. The 
duration during which the sun is visible is 
called a day. Due to rotation, after sometime, 
this part moves away from the sun and we 
have night. 


The axis of the earth makes an angle of 234° 
with the normal to its orbital plane. The 
direction of the axis remains fixed in space 
as the earth travels round the sun [Fig 1.15] 
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These two motions of the earth—rotation 
about an axis and revolution round the sun— 
are responsible for two separate apparent 
motions of the sun as seen by us on the earth. 
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One is the Motion of the sun around the earth 
causing day and night. The other is a more 
gradual change in (a) the length of the day 
(and night), and (b) in the position of the sun 
at noon from a low angle above the horizon 
in winter to near zenith in summer (Fig 1.16] 
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Fig. 1.16 Path of the sun in the sky during winter 
and summer 


As mentioned earlier, the earth possesses 
a magnetic field. It attracts towards the poles 
charged particles emitted from the sun and it 
is these particles which cause the aurorae, 
The aurorae are usually only seen from high 
north or south latitudes. They appear as mov- 
ing bands, rays and arcs of light usually of 
greenish or pink hue. Auroral displays often 
cause severe radio interference because of the 
effect that charged particles have on the 
ionosphere, the layer of the atmosphere which 
reflects radio waves round the earth. 


MARS (Mangal) : 

Mars is perhaps the most interesting of the 
planets, when seen through a telescope it is 
seen to have reddish colour; at least it has 
been the object for the most speculation. We 
get the best view of it ; its surface can be seen 
without much cloud obscuration ; and of all 
the planets in the system other than earth, it 
seems the most likely to be hospitable to life. 


The Martian day is almost the same as 
the terrestrial day : 24 hr, 37 min, 23s. The 
Martian year is about two of our years. It is 
situated from the sun at a distance of about 
1} times as much as that of the earth, The 
planet exhibits white polar caps that grow large 
in winter and small in summer in step with the 
seasons. Other changes in certain greenish areas 
are also seasonal. Temperatures in the equa- 


Fig. 1.17 The planet Mars as seen telescopically 


torial regions tend to run from about 30°C 
during the day to perhaps — 75°C at night. The 
temperature at the poles is about —130°C. The 
presence of earth-like conditions on Mars sug- 
gested the possibility of existence of some life 
on Mars. 


` The Mars vehicles sent by Russia and 
Mariner space probes sent by U.S.A., however, 
revealed that the ice caps were made of solid 
CO? with a small percentage of water in them. 
The photographs taken by Mariner 9 during 
1971-72 showed that Mars has craters like those 
on the moon but the boundaries of these craters- 
. have been smoothened by the eroding action 
of strong winds which causes huge dust storms. 
Viking-I and Viking-II were sent by U.S.A. to 
find out if any life existed on Mars. Viking-I 
began on July 20, 1976, man’s first ever search 
for life outside the third planet. Forty-five days 
later, the second craft, Viking-II landed further 
north about 7000 kilometres away. Between 
them the two crafts have sent back valuable 
data and remarkable pictures. But Martian 
life, if it is there, still remains elusive. 


Viking Scientists argue that the failure“ 
detect organic material in Martian soil does 
not necessary prove that there is no life on t 
planet. “The search may not have been 
sufficiently thorough or we may have been 
looking at the wrong places, ‘‘says Vikings 
chief project scientist, Mr. G.A. Soffen 
Others like astronomer Zdenek Kopal of 


Manchester University, feel that “the results 
ones so far leave no doubt that Mars has 
no life.” È 


Even if the Vikings have disappointed many 
who expected to see at Jeast some form of 
living matter (lichens etc) on the planet, they 
have yielded an enormous body of important 
information. Many of the findings have radi- 
cally changed our ideas about Mars. 


The Martian atmosphere turned out to be 
completely different from what was known 
earlier. Besides carbon-dioxide and oxygen, 
viking instruments found as much as 3 percent 
nitrogen which was thought to be virtually 
absent on the planet. 


A major Viking discovery was that the ice 
of the polar caps is made of frozen water and 
not solid carbon dioxide as many scientists 
suspected. If that is so, there would be enough 
water to fill a lake one kilometre deep spread 
over 33,000 square kilometres! There was 
also evidence of water frozen into the ground 
ri sot a a tg possibly a few kilometres 
thick. 


Another unexpected thing came just 
before Mars went behind the sun and out of 
communication with earth. The seismometer 
of Viking-II detected a “Marsquake”, the first 
tremor on the planet recorded by man’s ins- 
senate After all, Mars was not completely 
dead, 


The Viking missions also threw new light on 
the origin of two tiny Martian moons—Phobos 
and Deimos. Close up pictures taken by 
Viking cameras showed them to be of meteori- 
tic origin and not besaltic as thought earlier. 
If so that would mean that the two moons 
were captured by the planet and not created 
from it. 


Mars being outside the earth’s orbit (superior 
planet), does not show phases. It moves com- 
paratively rapidly amongst the stars and its 
motion can be detected through observations 
spread over a week, 


Jupiter (Brihaspati or Guru) :— 


Jupiter is the largest planet of the solar 
system. Runnings around it are wide bands of 
different colours, probably clouds, among 
which can always be seen the Great Red Spot, 
probably a continuous storm in the atmos- 
phere. It has more than a dozen moons. A 


i i 


en 


few of these are themselves quite large in size 
and on a clear dark night they can be seen with 
a low-power telescope. 

The first person to observe Jupiter teles- 
copically was Galileo in 1609, and even with 
his tiny telescope quite a lot could be seen on 
the planet. 

Because Jupiter is so massive, its escape 
velocity is quite high and so it has been able 
to retain all the gases including hydrogen, the 
fastest moving of them all. 
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In recent years it has become apparent that 
Jupiter is a source of radiowaves, though the 
origin of these waves remains a mystery. 


Saturn (Shani) 

Saturn is one of the most beautiful tele- 
scopic sights in the entire heavens, principally 
because of the system of rings, ; unique in the 
solar system, which surround the body of 
the planet. The rings. are composed of parti- 
cles and stones, possibly ice-covered, ing in 
belts only a few kilometres thick. They may 
be the remains of a moon that broke up. 


The rings were discovered by Galileo in 
1610. One can observe them easily with a low 
power telescope. Space probes have passed 
close to saturn and sent beautiful pictures of 
its ring system. - 


Uranus (Arun) : 

Uranus was the first planet to be discovered 
by astronomer Herschel in 1781 with a tele- 
scope, although it can just be made out 
without one. It is greenish in colour, and 
probably has a surface of ice and frozen gases 
beneath swirling clouds. In 1977 it was dis- 
covered to have a ring system. ` 

The most interesting feature of this planet 
is that it rotates about its axis from east to: 
west in contrast to other planets which rotate 
from west to cast. It has five moons, two of 
which, Titania and Oberon, were discovered by 
Herschel. 


Fig. 1.19. The Planet Satura. 


Neptune (Varun) 


Neptune has a blue tinge when seen ina 
telescope but no markings can be observed. It 
is probably like uranus. The existence of this 
planet was predicted in 1844 in order to explain 
the discrepancies in the orbit of Uranus. 
Neptune has two known satellites. The first of 
these is Triton, discovered a few weeks. after 
the planet itself, one of the largest in the solar 
system. It moves ina near-circular retrograde 
orbit. The other moon, Nereid, has an extre- 
mely eccentric orbit. 


Plato (Vam) 


Pluto is usually the most distant planet, but 

rt of its orbit passes within that of Neptune. 
Por this region Neptune will infact be the 
most distant planet until about 2000. Pluto is 
a small planet and little is known about it, 
though it is thought to have once been a moon 
of Neptune. Its existence was predicted 
theoretically in an attempt to explain the per- 


turbations in the orbits of Uranus and Neptune. 


It was discovered in 1930 by Clyde Tombaugh. 


Travel out as far as Neptune or Pluto is 
certainly beyond our capabilities at present 
with manned craft and is likely to remain so 
for a long lime. A flight to Pluto and back 
could take many decades. From Pluto the 
Earth would be quite- invisible, even tele- 
scopically, 


‘1.4. CHANGE OF SEASONS 


From Fig. 1.20 it is clear that when the 
“sun is at a low angle its energy is diluted over 
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a wide area. At a high angle, it is concentrated. 
This is an important finding and it has a direct 
bearing on our climate. 
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Fig- 1.20. Energy decreases with increasing 
inclination 


The sun is continuously sending us light 
and heat at an almost constant rate. The earth’s 
axis is not perpendicular to the plane of its 
orbit. It differs from the perpendicular by 234 
degrees. This gives rise to the seasons, as the 
northern winter and southern summer occur 
when the north pole points away from the sun, 
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while the northern summer and southern 
winter occur when the north pole points more 
towards the sun (Fig. 1.15). Southern summer 
occurs when the earth is near perihelion and 
moving fastest, and it thus tends to be hotter 
and shorter than the northern one. 


All this can be explained by the fact that 
the angle that the normal to the earth’s surface 
(at any one place) makes with the direction of 
the sun at noon (or any particular time) keeps 
changing from day to day. When the angle 
is small, the same energy of the sun falls ona 
smaller area, and we find the sun hot. This 
also corresponds to longer days (time between 
sunrise and sunset). Thus we have summers 
during this period. On the other hand, when 
the angle is large, the energy of the sun is 
spread over a bigger area and the sun appears 
less hot. The length of the day is also shorter 
and we have winters. - 


15. SIGNS OF THE ZODIAC 


As the Earth moves on its path around the 
Sun, the Sun is projected against the back- 
ground constellations (groups of stars that 
form patterns) and follows a path known as 
the ecliptic. The belt of sky, about 18 degrees 
wide, centred on the ecliptic, is known as the 
Zodiac and the constellations in this belt are 
the Zodiacal constellations. The Moon and 
planets all move within this band of sky. 


The twelve constellations of the Zodiac are 
as follows : Aries, the Ram; Taurus, the Bull; 
Gemini, the Twins ; Cancer, the Crab ; Leo 
the Lion ; Virgo, the Virgin ; Libra, the 
Scales ; Scorpius, the Scorpion ; Sagittarius, 
the Archer ; Capricornus, the Goat ; 
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Aquarius, the Water Carrier ; and Pisces, the 
Fishes. Starting at the first point in Aries, or 
vernal equinox, where the ecliptic intersects the 
*celestial equator in the northern hemisphere 
Spring, the Zodiac is divided into twelve zones 
30 degrees wide. Each of these zones is assign- 
ed a ‘sign of the Zodiac’ corresponding to one 
of the twelve constellations named above, but 
the period during which the Sun lies in a 
particular sign does not correspond well with 
the time that it lies in the actual constellation 
of that name. The reasons for this are that 
the constellations are not of the same width, 
nor are they evenly spaced, and—most impor- 
tant—precession has caused the vernal equinox 
to move from Aries into Pisces. In a thousand 
years’ time it will lie in Aquarius, and so it will 
move through the Zodiac, returning more or 
less to its present position in about 26,000 
years. 


The motion of the Sun through the Zodiac 
enabled the ancients to estimate the seasons 
and regulate their crops, and the Zodiac came 
to assume a position of prime importance in 
the study of astrology. Naturally enough in 
ancient times, the motions of the Sun, Moon | 
and planets against the background of the 
Zodiac were thought to have -profound 
influence on the course of man’s affairs, and 
the influence on individuals was governed by 
the sign under which they were born. Astrology 
still claims some adherents today, but it has no 
scientific basis. Astronomers become most 
annoyed if confused with astrologers ! 


We cannot directly observe the position 
of the sun amongst the‘ stars. It can only be 
done indirectly by observing the stars near the 
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Fig. 1.22. Signs of the Zodiac 


*It is convenient to imagine that the stars 2 
earth at the centre. 5 
appears to rotate round the earth from east to west. 


re points on a huge sphere called the celestial sphere, with the — 
The zero-line of . celestial latitude is called the celestial equator. The celestial sphere 
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horizon just before sun rise and just after sun 
set. Earth is nearest to the sun around January 
1 (when it is winter in the northern hemi- 
sphere) and farthest around July 1 (when it is 
summer). The sun appears in different constel- 
lations during different parts of the year. The 
details are given in Table 1.2. 


Table 1.2 


Constellation Approximate Time of the Year 


March 21 to April 19 

April 20 to May 20 

May 2i to June 21 

June 22 to July 22 

July 23 to August 22 
August 23 to September 22 
September 23 to October 22 


October 23 to November 21 

November 22 to December 21 
December 22 to January 21 
January 22 to February 18 
February 19 to March 20 


-SOLVED EXAMPLES 


Example 1. 

Light takes nearly 4 years to reach us from 
the nearest star, Alpha Centauri. What is its 
distance in metres? Speed of light is 3x 108 
m/s. 

Solution. 

Speed of light=3 x 108 m/s 

or distance travelled by light in one second 
=3x108 m 


+, distance travelled by light in 4 years 
=3 x 108x 60 x 60x24x365x4 m 
=3°78 X101 m 


Example 2. A 

Calculate the time taken by light to travel 
from the sun to us on the earth. Distance of 
the sun from the earth is 1:5x108 km and 


speed of light is 3x 108 m/s. 


a | 
Solution. | 
Given, f 
Distance of the sun from the earth } 
=1:5x 108 km 
=1:5x1011 m 
Speed of light=3 x 108 m/s 
Since, 


distance covered 
Time taken 
distance covered | 


Speed of light= 


.. Time taken= speed of light 
15x 1011 
= 08> s=500 s | 
Example 3. | 


Calculate (a) the speed of the earth as it 
travels round the sun ; (b) our speed as the 
earth rotates round its axis. Given: Distance 
ofthe earth from the sun is 1°5x108 km; 
Radius of the earth=6'34 x108 km and one 
year=365 days. 

| 
Solution. ` 
(a) We know that 
er where y=linear speed 
«=angular speed 
r=radius of the circular 
path. 


The earth completes one revolution round 
the sun in 365 days and hence it traces out an 
angle of 2% radians in 365 days. Thus the 
angular speed of the earth, 

= 2n 
o= 365 X 24 X60 X 60 

Me 2x22 
~ 7x365X24x 60x60 

The linear speed of the earth=or 
_ 2x22x 15x 1011 
~~ 7X365X24x 60x 60 
=2 99 x 104 m/s 

(b) The earth completes one rotation about 
its axis in 24 hours. Hence its angular speed is i 


rad/s 


m/s 


3) rad/s 


a 2r 
~ 24x60x60 
Radius of the earth=r=6:38 x 106 m. 
Our speed as the earth rotates round 
its axis=v=or 


ae a ide ae sa ____ Mass of the earth 
‘alculate the density of the earth from the Vol fth h 
data given below. Consider the earth to be a i NETA oe 
sphere. = s kg m~? 
4 22 6\8 
Mass of the earth=6 x 1024 kg 3*T x (6'4 x 108) 
Radius of the earth=6-4 x 103 km =5'5 x 108 kg m~’. 
SUMMARY 


10. 


il. 
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_ 2nX 6:38 x 108 is Solution 

24x 60x60 Volume of the earth= 4 nr3 where r is 
_ 2226-38 x 108 i 
= AO xoi m/s the radius of the earth. 


+x a X (6-4 x 108)3 m3 


Density of the carth 


=464 x 10? m/s 


A good knowledge of the sky is a thoroughly pleasing thing, and the sight of the stars and 
planets shining against the background of the Milky Way in a clear sky is still perhaps the most 
moving experience in the whole of astronomy. 


The Earth on which we live is simply one of a family of planets revolving around the sun, while 
the sun itself is no more than one very ordinary star in the huge stellar system. The sun is the 
nearest star to the Earth. 


Planets are solid bodies like the Earth with no light of their own, shining by reflected sunlight. 
They are the wandering stars as they were known to ancients. 


The Sun carries with it in its journey through space not only the nine planets, but a host of 
other minor bodies, such as comets, meteors and the minor planets or asteroids. 


The planets are, in order from the Sun: Mercury; Venus; Earth; Mars; Jupiter; Saturn; 
Uranus ; Neptune and Pluto. 

A planet is said to be in conjunction when it is in line with the sun as seen from the earth. The 
inner two planets, Mercury and Venus, come into conjunction at two points in their paths— 
once when they pass between the Sun and the Earth (known as inferior conjunction) and again 
when they are on the opposite side of the Sun (superior conjunction). The inner planets are 
known as inferior planets and they go through a complete cycle of phases. The outer planets 
(known as the superior planets) do not show phases and they can only come into superior 
conjunction. for they do not pass between the Earth and the Sun. 


When an outer planet is opposite the Sun in the sky that is, when Sun, Earth and planet are in 
line with the Earth in the middle, the planet is said to be in opposition. It is then ¿t its nearest 
and appears brightest. When an inner planet is at its farthest point in the sky from the sun, it is 
said to be at greatest elongation. 
In order to explain the motion of the planets, Kepler drew up three fundamental laws : 
(i) Planets move around the sun in ellipses, with the sun at one focus of the ellipse. 
(ii) The line (radius vector) joining a planet to the sun sweeps out equal areas of space in equal 
times. Thus a planet moves fastest when nearest the sun and slowest when farthest away. 
(iii) The square of the time taken to complete an orbit depends on the cube of the planet's 
distance from the sun. 
The Earth has four independent motivns : (i) The Earth is moving in space along with the Sun 
(ii) The revolution of the Earth around the sun in an elliptical orbit with the sun at one of the 
foci (jii) The rotation of the Earth about its own axis and (iv) Precession of the axis of rotation 
of the Earth, 
If we reckon our day from one noon to the next noon, the Earth rotates about 4° more than 
one complete rotation of 360°. This is because of its motion round the sun. The day 
reckoned on the basis of 360° rotation is called 2 sidereal day. 
Energy density is defined as the incident energy divided by the area on which it is incident. 
The energy density decreases with increasing inclination. 
When the sun is at a low angle, its energy is diluted over a wide area. At ahigh angle it 
is concentrated. 
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12. As the Earth orbits the Sun, the tilt of its axis gives rise to the seasons—Spring, Summer, 


Autumn and Winter. This is because there are periodic variations in the amount of sunlight 
reaching the northern and southern hemispheres. 


13. The apparent track of the sun in mid winter, spring and autumn, and mid-summer, shows how 


the noon elevation and the duration of day light vary with the seasons. 


14. As the earth moves round the sun in its orbit, to us it appears as if the sun is revolving round 


[A] 
1. 


[B] 
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us against the back ground of the distant stars. It completes one revolution in one year. The 
path of the sun amongst the stars is known as the ecliptic. The stars along this path have 
been grouped into 12 constellations to help in describing the position of the sun. These 
constellations are known as the signs of the Zod‘ac. They are: Aries, Taurus ; Gemini, Cancer, 
Leo ; Virgo ; Libra ; Scorpio ; Sagittarius ; Capricornus ; Aquarius and Pisces. 


QUESTIONS 
Objective-Type Questions 


The sun is a 
(i) planet 
(ii) comet 
(iii) star 
(iv) asteroid 
The solar system consists of 


(a) nine planets only 

(b) nine planets and their moons 

(c) nine planets and their moons as well as asteroids 

(d) nine planets and their moons moving around the sun, as well as asteroids. 


is the smallest planet and also the nearest to the sun. 


The time a planet takes to turn once itself is called the........ .. It is the length of 
planet’s.........-.. 
PHO coats cs is the planet’s year. 


By...... .....we mean the central line around which a planet rotates. Its............ is the 
angle at which it lies to a line drawn at right angles to the direction of the sun. 


is usually the most distant planet. 
was the first planet to be discovered with a telescope. 


AE aa with its many rings is the most beautiful sight in the solar system. 
One light year is equal to.....-...... metres, 


Very Short Answer-Type Questions 


What is the speed of light ? 

What is a light year ? 

What is the approximate mass of the sun 7 

What is the radius of the sun ? 

What is the average distance of the earth from the sun ? 
What is the mass of the earth ? 

What is the radius of the earth ? 


Is the Earth a planet ? 
What is the surface temperature of the sun ? 
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#0. fs the orbit of the earth circular or elliptical ? 


. Name the main source of energy in the solar system. 

. At what rate is energy being radiated by the sun? 

. At what rate is the energy being received by the earth on the top of the atmosphere ? 
What is the maximum angular separation between the direction of the sun and that of 
planet Mercury, as viewed from the earth ? 

. Name a planet that appears asa morning or an evening star to us. 

. Name two planets which show phases like the moon. 

Name three planets which do not show phases like the moon. 

. When do we see fall Venus ? 

. Name a planet that has two small natural satellites and appears slightly reddish. 
Name a planet which is most massive and has more than a dozen moons. 

. What is a year ? 


. What causes day and night ? 
Does the earth rotate about its axis from east to west or from west to cast ? 


. How does the sun appear to move in the sky—from east to west or west to east ? 
| What is the angle that the axis of the earth makes with the normal to its orbital 
plane ? 


26. Does the axis of the earth precess like that of a spinning top? 


30. 


[c] 


UN = 
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. During which approximate time of the year the sun appears in cancer ? 
. Name a planet which appears as a morning star for 292 days and as an evening star 
during the next 292 days. 
What is the maximum angular separation between the direction of the sum and that of 
Venus as viewed from the earth ? 
Write one characteristic of each of the planets : (i) Venus and (ii) Saturn. 
[A.L.S.S. 1987] 
Short-Answer Type and Essay-Type Questions 
. What isa star? Is our sun a star ? 
. What is a planet? How does it differ from a star ? 
. What is the solar system ? Name the various planets in our solar system. 
. Explain, why Venus shows phases like the moon whereas Mars does not. 
Explain the apparent motion of the sun amongst the stars. How can it be observed ? 


It is observed that the earth ‘moves in an elliptical orbit with foci X and Y as shown 
in Fig (1.23). Tts speed is greater when it is at X. Where is the sun located ? 


Fig. 1.23 
7. In which part of the sky should one look for Venus ? 


13. 


14. 
15. 


16. 
17. 


18. 
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. At any place (away from the equator) certain stars are visible throughout the year. 


They neither rise nct set. Which are these stars? Explain your answer. 


. Comment on the direction of the axis of rotation of the earth. How does one explain 


the change in seasons on the earth ? 


Name the various parameters of the earth. What is a sidereal day ? 
Does the sun always rise at the same spot ? Explain. 


. (a) What is ecliptic ? 


(b) What are signs of the Zodiac? Name them. 

(c) In which month of the year, the earth is nearest to the sun ? 

(a) What are the four independent motions of the earth ? [4.7.S.S. 1987) 
(b) With what linear speed does the earth revolve round the sun ? 

(c) Define poles of the earth. Explain what causes day and night. 

(d) What is the distance of the earth from the sun ? 

State Kepler's laws of planetary motion. 


The earth completes one rotation about its axis in 23 hours 56 minutes with respect to 
stars. But the length of the day is taken as 24 hours. Explain why ? 

Why is the sun considered to be the head of the solar family ? Is the sun at the centre 
of the solar system ? 

What are orbits? What is the nature of the orbit of Jupiter ? What is the position of 
the sun in its orbit ? 

Draw a diagram showing the journey of the earth round the sun, ‘depicting the various 
acmon tag the approximate time of the year. Also indicate the perihelion and aphelion 

the carth. 


PROBLEMS 


Moon is at a distance of about 338x108 m from us. How much time will light take 
to travel from the earth to the moon? Speed of light is 3x105 km/s. [Ams. 13s) 


. Calculate the density of the sun from the following data, considering it to be a sphere. 


Mass of the sun=2 x 109° kg. 
Radius of the sun 7 x 108 m [Ans. 1°4x 108 kg m™9} 


. Calculate the time taken by light to travel a distance of 3:78 x 1016 m. Speed of light is 


3x 101° cm/s. [Ans. 1:26 x 10® seconds} 
From the data given below, calculate the speed of the Mars as it travels round the sun. 
Distance of the Mars from the Sun=2°3 x 108 m 
Period of revolution of the Mars~687 earth days [Ams. 25:4 m/s] 


. Using a scale, 1 m=distance of the earth from the sun, calculate in metres the distance 


of the planet Pluto from the sun. Mean distance of Pluto from the sun=5936 x 108 km 
and mean distance of the earth from the sun is 1°5 x 108 km. [Ans. 39:57 m] 


CHAPTER 2 


States of Matter 


2.1. INTRODUCTION 


The major objective of this chapter is to 
enable students to distinguish between various 
properties of solids, liquids and gases on the 
basis of their structure and molecular forces 
existing between the particles. 


The concept of elasticity, phenomenon of 
surface tension, Archimede’s principle and 
Bernoulli’s principle have been discussed and 
explained by taking interesting examples from 
daily life. 


2.2. STATES OF MATTER 


The theory about the structure of matter is 
based on three principles : 


(i) Matter consists of molecules 
(ii) Molecules are in constant rapid motion 


(iii) Molecules attract one another with a 
force which decreases as they go farther apart. 
When the molecules are of the same kind, the 
force of attraction is known as cohesion but 
when the molecules are of different kinds e.g, 
a water molecule and a salt molecule, the force 
of attraction is known as adhesion. 


This theory enables us to explain the three 
states in which matter exists. 


(a) Gaseous state : 


A gas has neither a fixed size nor shape i.e., 
it fills the whole of, the space open to it. 
Molecules in gases are regarded as moving 
about freely and not to any great extent under 
the influence of each other’s action except at 
impact of one onthe other, The pressure a 
gas exerts on the walls of the enclosure in 
which the gas is contained is due to the bom- 
bardment of these rapidly moving molecules. 
There is almost no cohesion (i¢., force of 
attraction) and the molecules in the case of 
gases are highly active. 


(b) Liquid State : 


A liquid has definite size but no shape. It 
would take up the shape of the vessel in which 
it is poured. Molecules in the case of liquids 
are closer together than in the case of gases 
and are quite free to move about from one 
part of the liquid to another, Liquids maintain 
a fixed volume on account of cohesion. 


(c) Solid State 


A solid has both a definite size and. shape, 
which it does not readily relinquish. Molecules 
in solids are still closer together than in liquids. 
The force of attraction between the molecules 
is quite strong to keep the individual molecules 
in a fixed position of equilibrium but they 
remain oscillating about their mean positions, 


We can classify solids into two main 
groups—Crystalline and amorphous. A 
crystalline solid is a substance solidified in a 
definite geometrical form. You are probable 
familiar with the shiny regular faces of copper 
sulphate, alum, mica and sugar crystals, 
Compare these with the dull appearance of the 
amorphous materials like flour, talc powder, 
glass etc. In an amorphous substance, the 
molecules are not clearly arranged in a definite 
geometrical pattern. An amorphous solid has 
no definite melting point whereas a crystalline 
solid has a definite melting point at which it 
becomes a liquid. Into which group do the 
metals fit? They can be polished very readily 
and their bright lustre would seem to indicate 
that they should be associated with the crys- 
talline rather than amorphous materials. 
However, they do not seem to have the 
characteristic crystalline planes and faces. 


2.3. ELASTIC PROPERTIES OF SOLIDS 


Whenever a force is applied on a body, 
there is a change in its length, volume or shape 
due to the relative displacement of the particles 


(19) 
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and as soon as this deforming force is removed, 
the body regains its original length, volume or 
shape owing to the reaction set up in the body 
itself. The body is said to be elastic and this 
“power of recovery is known as elasticity. 


Elasticity may, therefore, be defined as that 
property of matter by virtue of which a body 
endeavours to return to its original shape and 
dimensions when strained, the recovery taking 
place after the deforming force has been 
removed. 

Stress is the force of reaction set up in the 
body itself by the deforming force. It is, there- 
fore, the restoring force in the body and by 
Newton’s Third Law of Motion, it is equal and 
opposite to the deforming force in all general 
cases, Stress is measured as deforming force 
per unit area of the face where the force is 
applied. 

Force _ F 
area A 

It ıs measured in mewton/metre? or N/m?. 

Strain is the ratio of deformation whether 
of length, volume or shape produced in a body 
by a deforming force. 

Thus strain is of three types : 

4 . _ Change in length 

(i) Longitudinal Strain= Sonena length 
l 


L 


Stress= 


(ii) Volumetric strain= original volume 


(iii) Shearing strain. 


It is measured by the angle 7 ADA’=6 
known as angle of shear. It is the angle through 
which the various layers of a body get sheared 
when a force is applied on it. 


Strain has no unit as it is the ratio of two 
similar physical quantities. 


When a deforming force is applied on a 
body it is found that the strain produced in 
certain cases is so much that body fails to 
return completely to its original form and 
volume, or it retains a permanent set. The 
largest strain of any kind which a body may 
undergo and still completely recover when the 
deforming force is removed is called the elastic 
limit. This limit of elasticity is different for 


Change in volume 


different substances, for instance, greater for 
rbber than for glass. 


he 
ae 


/ / 
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Fig. 2.1 


It is found that before the elastic limit is 
reached the stress applied is always proportional 
to the strain produced, This fact was first 
noted by Hooke and is known as Hooke’s 
Law. Hooke’s Law thus states, that stress is 
always proportional to the strain provided 
elastic limit is not attained. 


Stress œ Strain 

Stress 

Strain 
This constant is known as modulus of 
elasticity. 


_ When the strain is longitudinal i.e., change 
in length only, the modulus of elasticity is 
known as Young’s Modulus. 


or =a constant. 


Stress 


Young’s Modulus OS ontod naaran 


AAT 

In case of a wire, d=nr? where ris the 
radius of a wire. 

F 
TERA” 

It is measured in newton/metre? or N/m? 

Determination of Young’s Modulus 
for a given wire : 


Take a long wire of length ‘L’ and area of 
cross-section ‘a’. Suspend it at its upper end 


L 
T for a wire. 
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WIRE 
SCALE 
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SCALI VERNIER 
SLOTTED 
WEIGHTS 
FIXED, SLOTTED 
(a) WEIGHT WEIGHTS 
(b) 
Fig. 2.2 


from a rigid support and attach a hanger to its 
lower end in which the slotted weights can be 
placed. A pointer, attached very near to 
the hanger, moves alonga vertical scale with 
the help of which changes in its position can 
be easily read (Fig. 2.2 (a). Place a weight of 
} kg in the hanger and read the position of the 
pointer, and then gradually increase the weight 
in the hanger in equal steps and note down the 
change in the position of the pointer due to 
each addition. It will be seen that the increase 
in the length of the wire is proportional to the 
increase in the weight placed in the hanger. 
Further, when the weights are removed from 
the hanger in the same equal steps, the pointer 
returns to its original position. 

If, however, we continue 
weight in the hanger, a limit will be 
reached, when it will no longer obey 
Hooke’s Law. The increase in length will, 
therefore, be no longer proportional to the 
weight added, in the hanger, so that, on remo- 
ving the weight, it does not return to its 
original position, and a permanent “set” is 
said to have occurred. Therefore, it is necessary 


increasing the 


i 


Now, to calculate its value, find the elon- 
gation each time the weight of } kg is added- 
in the hanger, also find the contraction each’ 
time the weight of 4 kg is removed and get 
their mean value. Let this be equal to/; then 
Young’s Modulus o 


UIRE 
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If F=}x9°8N and L, l are expressed in m 
and a is expressed in m?, then 
_ 4X98) L Nimt 
Y= = x7 Nim 
The simple arrangement described above 
does not give good results on account of the 
following sources of error : 


(i) The yielding of the support may 
cause an error in noting the true extension of 
the wire. 


(ii) Any change in temperature during the 
experiment may affect the length of the wire. 


To get rid of these errors, various arrange- 
ments are used. The usual arrangement for 
junior classes is shown in Fig. 2.2 (b) where 
A and Bare two wires of the same length and 
the same material and area of cross-section 
suspended from the support. The wire B is 
loaded with a fixed weight to keep it stretched 
or taut, carries a main scale and merely acts as 
a reference wire. The wire A carries a be 
anda Vernier scale, and, on being | 


Y 


that in determining the value of a modulus 0 ELONGATION m ® X 
the wire must not be stretched beyond the limit i 
of elasticity. _ Big. 2.3 
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increases in length and hence it is called the 
experimental wire. Its elongation is indicated 
by the motion of the Vernier scale relative to 
the main scale on B. 


In practice, a graph is drawn with the load 
as ordinate and the corresponding elongation 
as abscissa. The graph is found to be a straight 
line Fig. 23, within the limits of elasticity 
showing that Hook's Law is obeyed. Any suit- 
able elongation and the corresponding load may 
be taken from the graph and Young's Modulus 
for a wire is calculated as explained. 


Value of Young’s Modulus for some 
common materials. 


Material Young’s Modulus 
Copper 12x101! N/m? 
Iron a OA 1:9x101 ” 
Brass 1:0x 1012 ” 
Lead 016x101 ” 
Wood 01x10 ” 
Rubber 10:0 2 
Glass 06x10 ” 
Steel 20x100 ” 
Tungsten 360x 1014. ”? 

Stresse-Strain Curve :— 
y WIRE THINS LOCALLY 


FORMS NECK 
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i J MAXIMUM STRESS 

ELASTIC CALLED BREAKING 

fa Limit STRESS 
a [i 


TE 
COMPRESSION (ELONGATION) 
L 
G ELASTIC 
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CRUSHING 4 , 
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ig. 2.4. [Typical stress-strain graph for a loaded 
ig a (or compressed) wit 


Fig. 2.4 shows the various stages to be 
expected in the loading of wire. The portion 
OABHCDE of the stress-strain curve shows 
how the elongation (or strain) changes as the 
stress (or load) is gradually increased. For 
small stresses, Hooke’s Law should be obeyed, 
and the end of the linear part A is called the 
elastic limit (or limit of proportionality). 
Complete recovery occurs on unloading from 
a point on the linear part OA, while permanent 
extension is observed on unloading beyond 
this. If the wire is unloaded gradually from, 
say Bafter it has passed the elastic limit, it 
returns along the line BP to give a permanent 
extension OP. Next time it is loaded, it be- 
haves elastically as far as B ; it has been work- 
hardened. At the yield point H, plastic flow 
begins and the wire flows, thinning uniformly. 
The stress rises to a maximum, which we will 
call the breaking stress. Then the wire thins 
locally and breaks at Æ with a release of stress, 


The portion OGL of the graph shows how 
the compression changes as the stress is gradu- 
ally increased. For small stresses, Hooke’s 
Law should be obeyed and the end of the linear 
part Gis called the elastic limit. Complete 
recovery occurs on unloading froma point on 
the linear part OG ; while permanent extension 
is observed on unloading from beyond G and 
then the solid behaves like a plastic body. [he 
yield point Z obtained under compression is 
known as the crushing point. After this point, 
solids can be hammered or \rolled into 
sheets. 


Properties of Materials with respect 
to Stress-strain curve : 


The various mechanical properties of solids 
viz. elasticity ; plasticity ; brittleness ; ductility 
and malleability with respect to stress-strain 
curve Fig, 2.4 are discussed as follows :— 


(i) Elasticity. When the stress is small, 
the solid completely regains its original shape, 
size or volume after the deforming force is 
removed. The solid is then said to be elastic. 
The linear portion OA (or OG) of stress-strain 
graph corresponds to the elastic behaviour of 
the solid. Between O and A and g andG, 
the strain is directly proportional to the stress 
and hence Hooke’s Law is obyed. Steel, glass ; 
ivory etc., are elastic bodies. 


(ii) Plasticity. When the stress is increased, 
a limit is reached beyond which, if the stress 


yal eee 


is removed, the solid does not come back to 
its original shape or size. It acquires a perma- 
nent deformation. This limit is called the elastic 
limit. The points A and G correspond to this 
limit, Beyond the elastic limit tke solid behaves 
like a plastic body i.e., the deformation of the 
body may continue under the influence of 
its own weight. The body is then said to flow. 
For example plasticine, putty : a paste of flour 
etc., flow under their own weight. Plastic 
bodies retain elongation or compression if the 
stress is removed, Recovery is no longer com- 
plete. 


(iii) Ductility The point H beyond which 
a solid flows is called the yield point. Metals 
beyond the yield point are said to be ductile. 
Ductility is the property by virtue of which a 
solid can be drawn into wires, Silver, gold, 
copper etc. aro good examples of ductility. 
Platinum is the most ductile metal. Quartz can 
be drawn into such fine threads that they can- 
not be seen with the naked eye. 


(iv) Brittleness. The behaviour of diffe- 
rent bodies is different when subjected to a 
deforming force. A brittle material such asa 
glass is that which fractures almost immediately 
after the elastic stage A when the deforming 
force is applied. Little or no plastic deforma- 
tion occurs. It breaks into pieces, 


(v) Malleability, Whenever a solid is 
compressed, a stage is reached beyond which 
it cannot recover its original shape, size or 
volume after the deforming force is removed. 
This is the elastic limit G for compression. 
The yield point obtained under compression is 
called the crushing point. After this stage, 
metals can be hammered, pressed, bent, rolled, 
cut or stretched into useful shapes. This pro- 
perty is known as malleability. Copper, 
gold, silver ; aluminium and lead can be easily 
hammered into sheets, Gold is the most malle- 
able metal, It can be beaten into plates so thin 
that it would require several hundred thousand 
of them, one above the other, to make a layer 
one centimetre thick. 


2.4. FLUIDS 

The word fluid is used both for liquids and 
gases. 

A fluid is called a perfect fluid. 

(1) if its shape can be altered by any tangen- 
pov pls however small, when applied for a 
sufficient time, 
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(ii) if its portion can be separated easily 
from the rest of the fluid, and 


(iii) if there is no force of friction between 
its different portions. 


There is no fluid in which this force of fric- 
tion does not exist. For example, when water is 
set revolving in a cup by means of a spoon it 
soon comes to rest on account of ; 


(a) the frictional resistance between the 
water and the walls of the cup, and 


(b) the frictional resistance between the 
different portions of the water. 


The water in motion is an imperfect fluid 
but water at rest is practically equivalent to a 
perfect fluid. 


Fluids are divided into two classes, i.e., 
LIQUIDS and GASES, 


(i) Liquids are those nuids which are 
almost entirely incompressible. A substance 
is called incompressible if its volume cannot be 
changed by the application of a force, however 
great, but its shape would change by the 
application of a force, however small. 


All liquids are, however, compressible to a 
small extent. For example, a pressure of 200 
atmosphere will decrease the volume of 100 cm® 
of water by about 0°9 cm®, 


For all practical purposes, this small com- 
pressibility will be neglected and it will be 
assumed that all liquids are incompressible, 


(ii) Gases are those fluids which can be 
easily compressed by increase of pressure. If 
the pressure to which a gas is subjected is suffi- 
ciently decreased, it expands so as to fill any 
space, however large. 


For example, if a child’s air-balloon be 
placed under the receiver of an air-pump, and 
the air be exhausted from the receiver, t 
balloon will increase in size, If the balloon 
bursts, the air contained in it will fill the 
entire space of the receiver, however large it 
may be. 

Free Surface of a Liquid at rest is always, 
Horizontal ; 

A very important property of a liquid {$° 
that its free surface is always horizontal p 
vided it is at rest. 

Let us suppose that the free surface of m 
liquid at rest is not horizontal but is curved, 
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Let the curved surface be represented by 
PQORSTU (Fig. 2.5). Imagine an inclined 
plane through QS. The weight, W, of the 
liquid lying above the inclined plane QS has a 
tendency to pull it down the inclined plane. 
In other words, the liquid begins to move down 
the inclined plane QS as a perfect fluid must 
yield toa tangential force, however small it 
may be. But this is against our assumption 
that the liquid is at rest. Hence the free 


surface of a liquid at rest is always horizontal. 


Fig. 2.5 


The above fact may be put in a different 
language by saying that a liquid finds its own 
level. This may be demonstrated by taking 
three tubes P, Q and R of different shapes but 
connected together to a horizontal tube AB 
(Fig. 2.6). When a liquid is poured in one of 
the tubes, it stands at the same level in all of 
them. 


Fig. 2.6 


A spirit level is constructed on the above 
property of the liquids. 


The above property of the liquid also 
explains why is the surface of water in an undis- 
turbed tumbler a perfect horizontal plane. 
is so because of the influence of the force 
gravity. We know that the earth pulls eve: 
object towards its centre. The force of grav™: 
on all particles having the same mass and at a 
fixed distance from the centre of the earth, is 
the same. Thus all particles (or molecules) of 
water experience the same force and its surface 


would actually be the part of a sphere whose 
radius is equal to that of the earth (and whose 
centre coincides with the centre of the earth). 
Since the radius of the earth is very large 
(6400 km), the surface of water in the tumbler 
appears to be flat and horizontal. However, 
consider water contained in a vast natural 
vessel, the sea. The water surface in this case 
will also be a part of the sphere considered 
above. 


HORIZONTAL 
J SURFACE 


Fig. 2-7. Rea water in a tumbler is 


horizont: 
2.5. LIQUID SURFACE AS A STRET- 
CHED MEMBRANE (Surface 
Tension) : 


Try the following experiments which seem 
to show that the surface of liquids is covered 
by an elastic skin. 


Requirement. Water trough, razor blade, 
needle, a tumbler, small pebbles or nails, brush, 
test-tube, large cylinder of gas, jar, sand, some 
kerosene, copper wire, thread and soap 
solution. 


Experiment (a). Place a needle or razor 
blade on blotting or filter paper. Carefully 
lower this on the surface of the water contained 
in a trough. Note what happens. After some 
time put a drop of kerosene near the needle 
and watch what happens. 


In the first case, you will notice that the 
blotting paper sinks leaving the needle or blade 
to float on the surface of the water. 


me In the second case, as soon as the kerosene 
is introduced, the needle sinks. 


What has made the needle or the blade 
float ? Surely what makes a cork float in 


water is not the same as what makes the needle 
float ; for if the cork is pushed below the 
surface of the water it comes up again, but 
if the needle is treated the same way it sinks. 


Experiment (b). Take a small test-tube, 
and put in it sufficient sand to make it float 
upright in water, contained in a large cylinder 
or gas jar. Continue to add sand carefully and 
watch the test-tube sink gradually in the water 
(Fig. 2.8). When the edge of the test-tube is 
at the same level as the water surface, continue 
to add more sand and watch what happens. 


Now pour some kerosene on the surface of 
the water and watch the result. 
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You will nutice that the test-tube still floats 
even when the edge of the test-tube is well 
below the surface of the water [Fig. 2.8 (c)]. 


When kerosene is poured on the water the 
test-tube sinks immediately. 


What has made the test-tube float when it 
is completely below the surface of the water 
and it should normally sink? Why does it 
sink when kerosene is poured on the water ? 


Experiment (c). Filla tumbler to the brim 
with water. Now start putting small nails or 
sand inside the water so that the water is dis- 
placed upwards. 


Fig. 2.9. To show surface tension in a liquid using small nails. 


(a) 


Fig. 2.10. To show surface tension in a liquid using soap and a ring of copper wire. 


Carefully add a few nails more and note 
what happens. 


You will observe that the water surface 
rises well above the edge of the tumbler 
[Fig. 2.9 (c)]. Why does the water not over- 
flow, after reaching the brim of the tumbler ? 


Experiment (d). Make a ring of a copper 
wire and tie a thread loosely across it as in 
Fig. 2.10 (a). Dip it inside a soap solution 
and bring it out so that the ring is filled with 
a soap film (Fig. 2.10 (b)]. 


Now break the soap film on one side of the 
thread by touching it with a hot wire. Note 
the new shape of the thread [Fig. 2.10 (c)]. 


You will observe that the thread first lies 
loosely in any position in the soap film [Fig. 
2.10 (b)}, but when the film is broken on one 
side the thread assumes a perfect curve [Fig. 
2.10 (c)]. What could have been responsible 
for the new shape of the thread ? 


Experiment (e). Dip a paint brush into a 
beaker of water. Watch how the bristles or 
hairs appear in water. Now bring out the 
brush and see what happens to the bristles. 


BRISTLES 
CLING 
TOGETHER 


i) 
(b) 


Fig 2.11. A paint brush showing surface tension. 
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Fig. 2 12. Close-up of a drop of water to show surface tension, 


You will notice that when the brush is in 
water the bristles stand apart, but when taken 
out of the water they cling together (Fig. 2.11 
(a) and (b)]. How can this be explained ? 


Experiment ( f). Turn on a water tap so 
that water comes out in tiny little drops. 
Watch how each drop grows and how it 
eventually drops 


The growth of the water drop (Fig. 2.12) 
looks as if the mouth is covered with an elastic 
skin which stretches when more and more 
water gets into it until it can hold no more and 
it bursts, 


Can this be the true description of what 
happens ? 


General Explanation. All the observations 
made in the above experiments can be explained 
by saying briefly thar the surface of a liquid 
behaves as if it were a stretched, thin, elastic 
skin, which always tends to be as small as 
possible. 


The force which causes the surface of 
a liquid to behave like a stretched elastic 
skin is called surface tension. Some force 
is needed to break the surface film, and this 
force is different for different liquids. It is 
greater in water than in oil or in soap solutions. 


Now let us take the experiments one by 
one: 


In (a) the surface of the water seems to be 
stretched skin, bending under the weight of 
the needle or razor blade. The needle sinks 
when an oil is poured on the water, because 
the oil lowers the surface tension of the water 
which supports the needle and the surface gives 
way. 


The experiment explains way some. insects 
can walk on the surface of water. 


In (b) the tube does not sink because it is 
held up by the surface tension of the water. 
The surface stretches under the weight of the 
test-tube, getting thinner and thinner until it 
breaks, that is, until the force due to surface 
tension which supports it is overcome. This 
does not happen until the test-tube is well 
below the surface of the water. Oil reduces 
the force of surface tension holding up the 
test-tube, and so the latter sinks immediately. 


In (c) as the nails are put into the water, 
the surface of the water stretches, because the 
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water is displaced upwards. Thus, the surface 
behaves as if it were an elastic skin. A drop 
of oil will make the surface break earlier, as 
the surface tension is decreased, i.e., the skin 
becomes less elastic. 


In (d) the thread first lies in any position 
in the soap film because the thread is being 
pulled on both sides by equal forces of surface 
tension. But when one side of the film is 
broken the surface tension acts only on one 
side of the thread and, as the water tries to 
make its surface as small as possible, it pulls 
the thread in such a way as to form a perfect 
curve. 


The surface tension tries to minimise the 
surface area of a given mass of liquid. For a 
given volume, a sphere has a minimum surface 
area and a circle has a maximum surface 
area and hence all free drops of liquid try to 
assume a spherical sphere. However, due to 
force of gravity the drops flatten as they grow 
in size. 

In (e) it is clear that it is the exposed sur- 
face of a liquid that possesses surface tension, 
While the brush is inside the liquid, no surface 
tension acts on the bristles which therefore do 
not cling together. But as soon as it is taken 
out of the water the water tends to reduce its 
surface to the smallest area and so makes 
the bristles cling together. 


In ( f) the true position has been described, 
that is, the outer surface of the drop seems to 
be an elastic skin containing water and stret- 
ching as more and more water gets into it. 


Another very interesting experiment you 
might wish to perform is described below. It 
illustrates the fact that the surface tension of 
soap solution is less than that of water. 


Experiment: To show that the surface 
tension of soap solution is less than that of 
water. 


Requirements: A fairly wide trough of 
water, a match-stick or toy boat and soap, 


Procedure. Rub one end of the match-stick 
ortoy boat with soap. Now place it on the 
surface of the liquid and watch what happens 
to it. 


You will find that the match-stick or toy 
boat starts moving immediately in one direction 
only and that is in such a way that the end 
that is not rubbed with soap is always in froat 
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(Fig. 2.13). Any attempt to make it move in 
the opposite direction will fail. 


SOAPED END 


MATCHSTICK 


(b) 


(a) 


Fig. 2.13. The’surface tension of soap solution 
is less than that of water. 


Explanation. The soap at the end of the 
stick immediately dissolves in water, thereby 
lowering the surface tension at that end of the 
match-stick. The surface tension at the other 
end being now greater pulls the match-stick 
and makes it move in that direction until the 
whole surface is covered with soap solution. 


Thus due to contamination, the surface 
tension of a liquid changes. In fact it decreases. 
Surface tension of a liquid also changes with 
temperature. It decreases with the rise in 
temperature, 


_ Umbrellas, raincoats, tents and canvas. If 
you hold an umbrella or a raincoat up against 
the light you will notice that it is porous, that 
is, there are tiny holes in it. In spite of this, 
when rain falls, the water does not pass 
through the holes or pores. This is because 
the surface tension of the water prevents it 
from passing through the fabric unless the 
inside is touched. Touching the inside of the 
material breaks the surface of the water on the 
outside. The nature of the fibre of the material 
also plays some part. 


Rise of liquids in narrow tubes : 
capillarity 

Try the following experiment. 

Experiment. To study the rise or fall of 
liquids in capillary tubes. 

Requirements. Four 15 cm long narrow 
tubes (capillary tubes) of different bores; a 
trough of water, coloured with blue or red ink 
and mercury.- 

Procedure. Stand the four narrow tubes 
upright in water and note the levels of the 
water inside them. 


Then mount two capillary tubes upright in 
a, beaker containing mercury and note the 
levels of mercury inside them. 


CONCAVE 
SURFACE 


(a) 


CONVEX 
SURFACE | 


(b) 


(b) Mercury falls in the capillary tubes 
Fig. 2.14. Capillarity 


You will notice that the water rises in each 
tube, but to different levels. It rises higher in 
narrower tubes than in the wider ones (Fig. 
2.14). 


The level of the mercury falls inside the 
tube. The narrower the tube, the lower it falls. 


Explanation. The property possessed by a 
liquid to rise or fall in a narrow tube is called 
capillarity. All liquids that ‘wet’ their con- 
tainers : e.g., water. palm oil, alcohol and so 
on, will rise in a capillary tube, but liquids 
such as mercury and molten wax which do not 
‘wet their containers will fall inside it. 


The rise or fall in level depends directly 
upon the surface tension of the liquid and in- 
versely on the diameter of the capillary tube. 


When water is poured out of a beaker and 


- the beaker is thoroughly shaken to get rid of 


the water some drops still remain stuck to its 


sides. This means that water ‘wets’ its con- 
tainer. Mercury would not stick to the beaker, 
ie., it does not wet its container. s 


Capillarity explains the following obser- 
vations : 


1. Why ink spreads itself over a blotter or 
oil over a piece of cloth. This is because of 
the presence between the fibres of a number of 
narrow tubes or pores through which the liquid 
‘rises’, 


2. Why oil will rise up the wick of a lamp. 
Again this is because of the narrow tubes in 
the fibres of the cotton making up the wick. 


3. Why sap from the soil rises up plants. 
This is explained by capillary attraction, ie. 
rise of liquid in the narrow tubes in the tissues 
of the plant. 


4. How ink gets to the tip of the nib of a 
fountain pen, It rises through the tiny space 
between the tongue and the nib of the pen. 


2.6. ARCHIMEDES’ PRINCIPLE 


Dip a small bucket ina vessel contuining 
water. Continue to push it in until it is 
completely inside. Then dip your hand into 
the water and try to bring out the bucket now 
Se of water from the vessel. What do you 
eel ? 


When trying to push the bucket into the 
water you will feel there is something pushing 
it back and preventing it from going into the 
water. Also as you bring the bucket out of the 
water, it first appears light while still in water, 
but as it comes out of the water it starts getting 
heavier and heavier. This something which 
hinders you in the first instance and helps you 
in the second is a force known as the upthrust 
on the bucket, and it always acts when a body 
is dipped in a liquid, 


To show that upthrust also exists in air (or 
a gas), fill a toy balloon with a light gas 
(hydrogen or helium) and tie it securely with a 
long string which you can hold in your hand. 
Holding the string, let go of the balloon. Does 
it go up or down? Now, let go the string too. 
What happens? Try to explain this, 


This and other similar illustrations seem to 
suggest that there is some upward force exerted 
by the fluid (liquid or a gas) on anything 
dipped into it. This upward force has been 
earlier referred to as upthrust and this beha- 
viour of a fluid is referred to as its buoyancy, 
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Archimedes made a further study of the 
upthrust and discovered a principle. This 
important principle known as the Principle of 
Archimedes is said to have been discovered by 
Archimedes under very interesting circum- 
stances. Hiero II, the king of Syracuse, ordered 
a jeweller to make a gold crown. When the 
crown was delivered, the king suspected it to 
be of impure gold. The king asked Archimedes 
to find out the percentage of pure gold. While 
thinking over the matter one day during his 
bath ina tank, he experienced that his body 
was being pushed up as if his weight has 
decreased. This experience of buoyancy excited 
him so much that, he came out of the bath 
undressed and shouted out “Eureka, Eureka” 
which in Greek means “F have found it.” 


Archimedes (287—212 B.C.) discovered that 
a body, when fully or partly immersed in a 
fuid (liquid or’ gas) loses weight equal to the 
weight of the fluid (liquid or gas) displaced by 
its immersed part. This is known as Archi- 
medes’ Priaciple and it has very wide appli- 
cations, It can also be stated as follows : 


When a body is fully or partly immersed in 
a fluid (liquid or gas), it experiences an up- 
thrust equal to the weight of the fluid (liquid or 
gas) displaced by its immersed part. 


Experimental Verification of Archimedes’ 
Principle 


Requirements. Retort stand and clamp, 
Spring balance stone, thread, overflow can 
beaker, lever balance or chemical balance and 
water. 


Procedure. First weigh the stone by 
hanging it in air from a spring balance. Record 
the weight. Fill the can to the point of over- 
flowing end place a clean, dry beaker which 
has been previously weighed, below the over- 
flow tube. Now lower the stone, still hanging 
from the spring balance, into the can ( Fig. 2.15) 
until it is fully immersed and collect the over- 
flowing water in the beaker. Record the new 
weight of the stone as shown by the spring 
balance Also weigh the beaker again on the 
balance and deduct the weight of the displaced 
water, 


Repeat the experiment twice and record 
our results. 


If you are careful over the experiment you 
will find that the loss in the weight of the stone 
‘when dipped inside the water (fe, the upthrust 
of the water on it) is equal to the weight of the 


SPRING BALANCE 


Fig. 2.15. Testing the truth of Archimedes’ Principle 


displaced water. This confirms Archimedes’ 
Principle as stated above. 


The Principle of Archimedes is true for 
both liquids and gases. 


Again, even though in the above expeii- 
ment the stone has been fully immersed, you 
will get the same result if the stone has been 
partially immersed in the water. Try the 
experiment with the stone partially immersed 
in the water. 


Use of Archimedes’ Principle to Deter- 
mine Densities of Solids 


We can determine densities of solids by 
using Archimedes’ Principle. Suppose we 
first weigh the object on a spring balance in 
air. (A spring balance measures weights (W) 
directly, not masses). Its weight is W=Mg 
where M is the mass of the object and g is the 
acceleration due to gravity. We then submerge 
the object in water at the end of a supporting 
string, as in (Fig. 2.16) and measure its weight; 
which has now been reduced by the buoyant 
force (or upthrust) of the water. Hence, we 
have 

Wo=W-— Fs 
or Fa=W-We 


WATER 


SOLID (OBJECT) 


Fig 2.16 


where W is its weight in air, Ww its weight in 
rae ane 2 is pe buoyant force (or upthrust) 

water or the weight of water displaced 
by the object. ig 


ss 


Now, by Archimedes’ Principle, 
F= Voug = W-We 


where V is the volume of the given object and 
pw is the density of water. V is also the volume 


of water displaced by the object. 
he ya K-Fe 
Pug 
Now V= a 
P 


where p is the density of the object. 


Hence the density of the solid object (p) 
can be founed from two weight measurements 
of the object—one in air, the other in water. 
For water, po=10 kg/m3. If the liquid other 
than water is used, the density of the object 
can still be found from the above equation, 
so long as the density of the liquid is known. 


Again, 
Fo=Vpug=W— Ww 
can be written as 
Ww=W—Vowg 
or Wo=Veg—Vowg 


or Wo=(p—pu) Vg 


Notice that if the density of the solid (p) is 
less than that of water (pw), then We will 
come out to be negative, ie., the effective 
weight of the body will become negative. In 
this case instead of going to the bottom, the 
body will rise to the surface and a part of it 
will come out of water. When will the body 
stop rising ? It will stop rising when its effective 
weight becomes zero. Let us see how it 
happens. As you would have noticed, a piece 
of wood or cork while floating on the surface 
of water is not fully immersed. Part of the 
body remains inside the water and rest outside 
it. Let Vy be the volume. of the body sub- 
merged in, water so that) the. volume. outside 
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water is (V— V1). The loss of weight of the body 
will be equal to the weight of water displaced, 
which is Vipwg. Therefore, we have 


W— Wo=V pg 
or Wo=W—Vipog 
or Wo=Vog—Vipwg 
or/ Wu=(Vo—Vipw)g 


Since p<pw and V>Vj, we can find a value 
of V; (which is not yet fixed) such that W.=0 
i.e., the spparest weight of the body within 
water is zefo. 


5 0=Vp— Vipo 


Vy Pp 
or T E 


In fact this applies to any fluid (liquid or a 
gas). Thus, if we take a block of wood which 
has a graduated scale on one side and let it 
float in different liquids in turn, and note in 
each case the mark on the scale up to which it 
sinks, we can find the ratio of the densities of 
the different liquids. 


2.7. PRESSURE 


Pressure is defined as the force per unit 
area between two surfaces in contact. The 
materials in contact may be two solids, a liquid 
and a solid, or a gas and a liquid or a solid. 
To find the pressure (P), the total force (F) is 
divided by the area (A) over which it acts. 


Force 
Area 


Thus, | Pressure= 


or P= = 


From this definition, it is obvious that pres- 
sure is measured in newton/metre? or N/m? or 
Kg m71 s~2 in SI system. This unit is also 
known as pascal (symbol Pa). 


Also, total force exerted by a given pressure 
is pressure times arca on which it acts. 
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or Force =Pressure X Area 


The force contributing to the pressure is 
that which is mormal to the surface, not para- 
Nel to it. 


From the definition of pressure it is clear 


(i) pressure increases when the force in- 
creases or the area decreases. 


(ii) pressure decreases when the force de- 
creases or the area increases, 


This explains why flat-footed camels can 
walk easily in sandy deserts whereas for us it 
is difficult to do the saine inspite of the fact 
that the weight of a camel is much more than 
that of a human being. Heavy tractors can go 
through marshyland and muddy soil easily 
because their rear wheels have large area. Hand 
cutting and piercing tools like saws, needles and 
knives have sharp points or blades so that they 
exert more pressure with comparatively small 
applied force. If you take a balloon filled 
with air and press it between your palms, it 
may not burst till you press it very hard. 
Hewever, if you take a pin and prick the 
balloon with its sharp point, the balloon bursts 
with very little effort. Why? Try to break a 
walnut in your hand without using a nutcracker. 
It is very difficult. Now try to break by taking 
two nuts and squeezing them together. What 
do you observe ? Can you give an explanation 
to this effect. 


A common property of all fluids is that 
they exert pressure. If the force on every unit 
area of a surface js the same, the pressure 
is called uniform pressure. The pressure on 

. the horizontal bottom of a trough containing 
water.is uniform. If the force on every unit 
area of a surface is not the same, the pressure 
will vary from point to point. This would be 
the case if the trough containing water has 
inclined bottom instead of horizontal. In such 
a case we talk in terms of pressure at a point. 
If we imagine a very small area, dA surround- 
Force on area dA 

area dA 
measures the pressure at that point. 


LAWS OF LIQUID (FLUID) PRESSURE : 


I Law: The pressure at a point inside 
a homogeneous liquid is the same in all 
directions. 


ing a point, then the ratio 


In order to prove this law, let us imagine 
a small cavity surrounding a point in a homo- 
geneous liquid, Evidently the liquid would have 
a tendency to rush in from all sides and fill 
it up. As soon as the cavity has been filled up, 
the liquid surrounding it is kept up in position 
due to the pressure exerted by the liquid in 
cavity. Since there is equilibrium, the pressure 
at that point in the cavity is the same in all 
directions. 


Il Law : The pressure of a homogeneous 
liquid at all points in the same horizontal plane 
is the same. 


Let us consider two points A and B in the 
same horizontal plane inside a homogeneous 
liquid Fig (2.17). Join AB and imagine a small 
circular cylinder of liquid whose axis is AB. 
The only forces acting on this cylinder in the 
direction of the axis AB are the two pressures 
on the plane ends of the cylinder. All other 
forces acting on this cylinder are clearly per- _ 
pendicular to 4B and as such have no effect in 
the direction of AB. : 


Fig 2.17. 


For equilibrium, these ‘wo forces musí 
be equal and opposite. Thus, 


Pressure at A Xarea of the plane end A 
=Pressure at BXarea of plane end B. 


~ Since the area of the plane ends A and B 
of the cylinder are equal, therefore, 


Pressure atA = Pressure at B. 


III Law : Whenever pressure is applied on 
any part of u liquid (fluid) contained in a vessel, 
it is transmitted undiminished and equally in 
all directions. This law was first enunciated 
by Pascal and is called Pascal's Law. It is also 
known as the Principle af Transmissibility of 
Liquid Pressure. 


If you hold with both hands the inner tube 
of a bicycle tyre which has been filled with air 
and gently press part of itin your right hand, 


you will feel the effect on your left hand, 
showing that the slight pressure you have 
exerted with your right hand has been sent 
across through the air in the tube to your left 
hand. You would get the same effect if you 
filled the inner tube with water instead of air. 


PISTON ROD 


SYRINGE 


Fig. 2.18. Equal transmission of pressure in 
all directions 


The equality of this pressure which is transe 
mitted or sent across through air or water can 
be shown with a syringe of the form shown 
in Fig 2.18. 


The bulb of the syringe has holes al! round 
it_pointing in different directions. A slight 
push of the piston causes jets of water to rush 
out from all the holes with equal force, 
showing that the slight pressure applied to the 
piston has been sent equally to all parts of the 
liquid, 

The principle that a liquid transmits pressure 
equally in all directions has been used in 
making machines in which a small force is 
enlarged many times. Since pressure, no matter 
how small, is transmitted equally throughout 
the liquid, a small pressure can be made to act 
on a large area and so produce a large force 
there. For instance, in Fig 2.19, suppose the 
cylinder A bas a cross-sectional area of 10 cm? 
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and cylinder B, $0 cm?, They are connected 
by a narrow cylinder and the whole apparatus 
is filled with a usually oil. Uf a force of 


20 newton is applied on the piston of cylinder 
A, the pressure of m2 newton/cm? which - 
acts in A will be transmitted through the liquid 


Fig. 2.'9. 


to the piston of cylinder B to produce on it a 
force of 2X 50=100 newton (Force=:Pressure 
X area). This means piston of cylinder B can 
now raise a 100 newton load Thus a force of. 
20 N applied on the piston’ of cylinder A has ~ 
been magnificd five times to a force of 100 N - 
in cylinder $. The ratio of the areas is 50 : 10, 
ie, 5:1. Theratio of the forces 100: 20, 
ie..5:1. Thus you see that the force has 
been magnified in the ratio of the areas of the 
cross-section of the cylinders, i.e., if you want 
to magnify a force ten times, the area of cross- - 
section of the larger cylinder should beten . 
times the cross-section of the narrow cylinder, 
To make the force at B as big as 
therefore, we have to make its cylinder a 
number of times as large as the cylinder-A.- 
This principle is applied in the working of ¢ 
hydraulic press with which bage ot od or 
wool, oil seeds, newly printed ks iaa Sa 

on are pressed very firmly ig by applying. 
a little force. Hydraulic brakes in motot-cars - 
also work on the same principle:-\Ve apply a 
little force with our foot, and. thé-pressure 
caused is transmitted through oil to act ona 
large area where pistons are made to move the . 
brake shoes against the break drums Fig. 2.20. 


CYLINDER 


ADJUSTING 
SCREW 


BRAKE SHOE  ERONT WHEEL 
-BRAKE DRUMS 


PIPE LINES 


REAR WHEEL 
BRAKE DRUMS 


MASTER BRAKE 


Fig. 2.20. 
When you go to servicing stations you will 
see cars.and large lorries being raised to conve- 
nient heights so that mechanics can work under 
them Fig 2.21. Here again a slight pressure is 
transmitted through a liquid to act on a large 
surface, thus producing sufficient force to raise 
up the vehicle. Such a machine is known as a 
hydraulic lift. Visit a car servicing station and 
examine how the hydraulic lift works. 


age INLET VALVE 
LVE 


LARGE 


COMPRESSED 
AIR 


Fig, 2.21: 


IV Law, Pressure at any point at a depth 
zp in aliquid (fluid) of density ‘p° is hog where 
gis the acceleration due to grayity at a place. 


Let us find the pressure at a point B inside 
aliqnid of density p at test. Let the depth 
of the point & be ‘A’ below the free surface of 
the liquid (Fig. 2.22). Surrounding the point B, 
imagine a horizontal circle of area A. From 


(2.20) 


CYLINDER 


Fig. 2.22 


every point of the boundary of this circular 
area A, draw vertical lines upto the free surface 
of the liquid. We have thus a circular cylinder 
of the area of cross-section A and height h. The 
force on the area Ais equal to the weight of 
the liquid contained in this imaginary cylinder. 
Hence, total force on the area 4 
\ weight of the liquid contained in the 
imaginary cylinder 
/=mass of the liquid x acceleration due to 
| gravity 
=Volume of the liquid xdensity of the 
liquid x acceleration due to gravity 


=area of cross-section of the cylinder 
X height x density X acceleration due to 
gravity 

=A.h. p.g 


Since, Prossure— ne 
area 
P= A hog 


or 


Thus, the pressure inside a fluid (liquid) of 
density p (fluid being at rest) at a point at a 
depth A is equal to hog. 


This implies that Poh i.e., the pressure of 
a fluid is proportional to the height of the 
column. As the height increases, the pressure 
increases. For example, in the sea, water 
pressure at a depth of | m will be equal to 
the weight of nearly 103 kg mass of water on 
one ‘square metre area, Ata depth of 100 m, 
it increases to a weight of 105 kg mass of 
water on the same area. Most of us have 
heard of huge dams like Krishna Raja; Sagar, 
Bhakra, and Hirakud constructed in our 
country. The construction of these dams is 
based on the above principle i.e., the pressure 
due to a liquid at rest increases with the depth 
of the liquid. When huge dams are construc- 
ted with very high retaining walls, ik depth 
of the water stored is great. Con quently, 
the pressure at the bottom of the dam is enor- 
mous and this high pressure is utilized to turn 
turbines producing large amounts of electric 
power. i 


Fig. 2.23 


The farther down you dive beneath the 
surface of water the greater is the weight 
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of water acting upon you, and you would, ` 
therefore, expect that the pressure of, 
the water would increase. This increase in- - 
pressure can be shown by the following — 
experiment, * 


Take any fairly tall tin with holes made at 
three different heights. Fill tin can with water, 
taking care to cover the holes until the tin is 
filled. Now open the holes and watch how 
the water comes out of them (Fig. 2.23). 


You~-will observe that water comes out 
with the greatest. force through the bottom 
hole and with the least force. through the top 
hole. This shows that the pressure inside 
water at the level of the lowest hole is greater 
than the pressure at the level of the top hole. 


Air Pressure 


We are surrounded everywhere by a layer of 
air which stretches for some kilometres above 
the surface of the earth. You have already 
learnt that air has weight (i e, pull of the earth 
on it), and you can imagine that this weight of 
air must be pressing upon us In fact, we can 
show by means of simple experiments that the 
air presses on us with some force and hence 
exerts a pressure. 


Experiment 1. Collapsing Tin Experi- 
ment: 


Requirements. An empty. 5-litre, engine ‘oil i 
tin or an empty 15 litre kerosene tin, water, 
bunsen burner. 


Procedure: Pour some water into the tin 
can and boil it until all the air has been driven 
out and steam is occupying the whole space 
above the water in the tin [Fig. 2,24 (a)]. Now 
remove the burner and*cork the tin very tightly. 
Pour cold water over the tin and watch what 
happens. 


The tin will collapse immediately as if it is 
under a heavy weight [Fig. 2.24 (b)]. 


Explanation. When the water is poured 
over the tin the steam condenses, thereby 
leaving an empty space in the tin. The air 
presses on the tin from outside, and since there 
is nothing inside the tin to support this pres- 
sure, the tin collapses under the pressure of 
the air. 


It has thus been shown that air exerts a 
pressure. 


COLLAPSING TIN 


Fig.2.24. The collapsing tin experiment 


iy Esporimont 2. Tumbler and Cardboard ` tightly. Now turn the tumbler upside down 
Exper. 5 E fo ee (Fig. 2.25). Does Pan de 


Reqgasemenis. A tumbler, cardboard, p ; 
water, You will notice that the cardboard remains 
in position, even though it is not held there 

with the hand. 


Expiunation. The water is pressing down 
on the cardboard, but the air is also pressing 


[f+ AIR PRESSURE 


Fig. 2.25. The tumbler and cardboard experiment. 


the cardboard upwards.~ The pressure of the 
water is not sufficient to overcome that of the 
air, and so the cardboard does not fall off. In 
fact, it will require a tumbler about 10:3 m 
long to contain water which will provide suffi- 
cient pressure to overcome that of air. 


This experiment has again shown that air 
exerts a pressure. 


Experiment 3. 
spheres. 


Here is another experiment of historical 
importance : 


The experiment was performed in 1654 by 
Otto von Guericke in the German town of 
Magdeburg. He made two hollow metal hemi- 
spheres which could fit tightly together [Fig. 
2.26 (a)]. He first showed how easily the two 
halves could be separated. He then fitted them 
together to form a sphere, from which he with- 
drew as much air as possible using an air pump. 
It was found that the two hemispheres could 
no longer be separated. In fact, it took eight 
horses attached to each hemisphere to separate 
them ! [Fig. 2.26 (6)]. 


Explanation. When air had been 
drawn out of the sphere, the only force holding 
the two hemispheres together was due to the 
pressure of the air from outside, The fact that 
it required sixteen horses to separate the hemi- 


The Magdeburg Hemi- 
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spheres shows that the pressure of the air ig 
great. 


The three experiments described above have 
shown you that air exerts a pressure. The 
next obvious question is; How great is this 
pressure ? 


The pressure of the atmosphere : 


The earth’s surface is surrounded by a 
thick layer of air called the atmosphere. Air 
is a mixture of gases containing about #th by 
volume of nitrogen, about }th oxygen and a 
small percentage of carbon-dioxide, together 
with very small quantities of neon, argon, 
krypton, Xenon, helium, hydrogen, ozone and 
water vapour, The atmosphere is most dense 
at ground or sea-level and extends to a height 
of about eighty to several hundred kilometres, 
an approximate figure. The higher one goes 
the less dense is the air, since there is then less 
weight of air above to compress it. Above the 
earth’s atmosphere in interstellar space, there is 
practically a vacunm 


The pressure exerted by the atmospheric 
air at aay point is equal to the weight of air 
contained ina column of unit cross-sectional 
area and extending upto the top of the atmos- 
phere. This is called atmospheric pressure. 
Often it is expressed in terms of the height of 
an equivalent mercury column (in a barometer), 


(a) The Magdeburg hemispheres, 
(6) Sixteen horses trying to separate the hemispheres. 
Fig. 2.26. Otto von Guericke’ experiment. 


| 
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Under normal conditions the atmosphere at 


/ sea level exerts a pressure equivalent to pre- 


ssure due to mercury column of height 76 cm 
rd 760 mm. This js called one atmosphere 
atm). 


Since, 4=76 cm=0:76 m 
Density of mercury=p= 13600 kg/m? 
Acceleration due to gravity—g—9:8 m/s? 
++ One atmosphere=hpg 
One atm=0°76 x 13600 x9°8 N/m2 
==1:013x 105 N/m2= 101-3 k Pa 
(C -1N/m?=1 pascal) 
1-000 105 N/m? is called one bar. A 


thousandth of a bar isa millibar (mb). Nor- 
=e atmospheric pressure is 1013 mb, just over 
1 bar. 


1 millibar—102 N/m2 
It may puzzle a layman that if air exerts a 


oo of 1013x105 N/m?, why he does not 
Feel i 


t. It is due to the fact that a fluid trans- 


* mits pressure equally in all directions. The 


sure of air inside our lungs or tissues eic. 
Fontes: the pressure due to the air outside. 
When the outside pressure is less than that 
inside, we begin to feel uncomfortable. Men 
who fly at very great heights have not only 
experienced difficulty in breathing but also have 
suffered from bleeding at the nose. They may 
also have a popping sensation in their ears as 
the aeroplane rises in the air, This is explained 
by the fact that as we rise above the earth 


Fig. 2.27. 


Drinking through a straw. 


the air pressure becomes less and the pressure 
of the air inside our head, being now greater 
than the pressure outside, pushes air outwards 
against our eardrums. 


Some Common devices depending on air 
pressure 


1. Drinking through straws and using the 
Pipette. When you use a straw to drink your 
lemonade, do you realise how atmospheric 
pressure makes it very easy for you? It is not 
simply a matter of sucking the liquid through 
the straw into your mouth (Fig. 2.27), In 
actual fact, what you are doing is sucking out 
the air from the straw, while atmospheric 
pressure acting on the surface of the liquid in 
the bottle forces the liquid into the straw. A 
similar explanation can be given for the use of 
the pipette (Fig. 2.28). 


2. Breathing. When we ‘breathe in’ we 
are not actually sucking in air, The muscles 
raise the ribs, enlarging the chest cavity, and 
this has the effect of lowering the pressure 
inside the lungs. The atmospheric pressure 
outside then forces air into them. ‘Breathing 
out’ is the reverse process. 


3. -Filling a fountain pen with ink. The 
fountain pen of the type shown in Fig. 2.29 
works in the same way as the straw and the 
pipette. The pen consists of a long rubber 
bag against which rests a metal strip. When 
the lever is raised [Fig. 2.29 (b)] the metal strip 


Fig. 2.28. Using a pipette. 


is pressed against the rubber bag, driving the 
air out of it. When the lever is released the 
bag opens out and, because air has been forced 
out of it, pressure inside it is lowered. Atmos- 
pheric pressure acting on the ink in the bottle, 
being now greater than the pressure inside the 
bag, forces the ink into the bag. 
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(2.29) 
Fig. 2,29. Filling a fountain pen. 
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Fig. 2.30. A syringe. 


4. The syringe. This is an instrument 
used for injection purposes. It consists of a 
barrel fitted with a piston and a rod. The 
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piston fits the barrel exactly, and can be moved 
up and down with the help of the rod, When 
the piston is in position A (Fig. 2.30), dipping 
into the liquid to be used, the air has been 
driven out of the barrel. When it is moved 
up to position B the space below the piston is 
more or less a vacuum. The pressure of the 
atmosphere acting on the surface of liquid 
forces the injection liquid into the barrel. 


j-————— HANDLE 
t SPRING 
% AIR IN 
CAP 
PISTON ROD 


AIR ENTERS A 
THROUGH HERE 


CUP-SHAPED 
LEATHER PISTON 
(WASHER) 


t Setai HOGE 
Fig. 2.31. A bicycle pump. 

5. The bicycle pump. Obtain a bicycle 
pump and, by unscrewing the small cap shown 
in Fig. 2.31, bring out the piston rod and 
piston. Examine the cup-shaped leather 
washer attached to the end of the piston rod 
that goes inside the barrel of the pump. This 
acts as a valve, opening in one direction only, 
during the upstroke. The pump works in the 
following manner. 


When the piston is pulled up, air passes 
into the barrel A through the tiny space 
between the leather washer and the barrel. 
When the piston comes down, the valve closes 
so that the air that has entered cannot find its 
way out ; it is forced out of the pump through 
the hole at the bottom of the barrel. 


To use the pump, a rubber tube connects the 
hole A of the pump to the valve attached to 
the inner tube of the bicycle tyre (Fig 2.32). 
This valve also opens in one direction only, to 
admit air into the inner tube. The valve 
consists of a tight-fitting rubber tube. which 


CONNECTING TUBE 


HOLE € 


R VALVE TUBING 
SSED BACK 
am 


EHE 
ihri: 


require 
ight require more viscous oils, 


We depend on the flow of fluids throughout 
much of our lives, Oil and natural gas are 
pumped hundreds of kilometres through pipes 
to satisfy heating and transportation needs. 
Gigantic pipes bring fresh drinking water from 
mountain reservoirs to large cities. Deadly 
strokes occur when blood clots cut off the flow 
of blood to the human brain. Such pheno- 
mena are examples of fluids in motion. Flow of 
water a river bed ; the flow of hot water 
in a central heating system; the flow of air 
around and into an atmospheric low pressure 
pre convection currents cte., are further 

examples of fluids in motion. If a 
pressure difference develops in a fluid (liquid 
or gas), then the fluid will tend to flow down 
the pressure gradient from high to low pressure 


To make any liquid flow through a pipe, it 
is thus essential that a certain pressure diffe- 
renon cee betwen: the. tuo sats tt 
fe can create pressure difference in 
demonstrate 


ys. The si way to 
the laboratory is to use a vessel 
near the in the 
a rubber fitted with a 
and a cock ( 2.33). Now 
water in this vessel, pressure at 
be the atmos ure plus 
the height of water colum above A, 


P awn This pressure 

between the levels A and Bis, there- 

to the beight of water column above 
-ATMOSPHERIC PRESSURE 
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A. Ifyou observe the rate of flow of water 
(i.¢., the volume of water that comes out in 
one second), it will decrease with time because 
as the level of water falls, the pressure diffe- 
noir gaa Freee non py It is imort- 
tant to note t pressure at A depends onl, 
pepe ys! of be water aes pat ped 
on total volume water. ‘or example re 
difference between levels C and om 


4l 


Two buckets of water, 
he other on the ground 


from a friend's car into bis car, How can you 
fairly long rubber tube, 


help? First try the following experi 


one on a table and t 


t 
e- 


Fig. 2.34 (a) and (b)] is the same even 
are tly connected and have 
rent volumes of water. 
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when the mouth of the tube is raised above 
the level of water in the bucket the flow stops. 


Explanation. In Fig. 2.36 it is easily seen 
that the ‘head h of the water’ (i.e. the depth of 
the open mouth of the tube below the level of 
water in the bucket) causes, the flow of water. 
The greater this ‘head’ the greater is the 
pressure and so the faster the rate of flow. 
When there is no head of water, there isno 
flow of water. 


The arrangement shown above is known as 
a siphon. It is a very simple device, which is 
easy to operate, and is used to transfer any 
liquid from a higher level to a lower level or to 
drain off the upper layer liquid ina vessel 
without disturbing the lower layer. Siphons 
are used to transfer liquids out of very heavy 
vessels or such containers which cannot be 
lifted easily. They are also used for transferring 
water from canals to low-level fields. 


Siphon consists of a bent tube, with its two 
limbs of unequal length. It is first filled with the 
liquid, the ends being closed with the finger 
and placed in a position shown in Fig. 2.36. 
The finger is then removed and a steady stream 
of liquid flows through the tube from one 
vessel to other. The siphon will not work in 


the absence of the atmospheric pressure i e., in 
vacuum. 


The principle of siphon is also utilised in 
the construction of automatic flushes, fitted in 
latrines, etc. A siphon is fitted inside a tank 
as shown in Fig. 2.37, with its longer limb pass- 
ing out. A stream of water flows into the tank, 
and when the level of water reaches the bend, 
the siphon begins to work and the water flows ` 
out with great force till the level goes below 
the open end of the shorter limb. 


2.9. BERNOULLI’S PRINCIPLE 


We will consider in this section only the 
simplest kind of fluid flow—the flow along fixed 
paths known as streamlines, with turbulence 
and without viscosity (internal friction). By 
streamline flow we mean flow similar to that in 
Fig. 2.38. Any particle which finds itself at 
point A will be carried along a particular stream 
line and arrive at point B and later at point C. 
The flow is smooth and completely predictable. 
Similarly any particle A’ will move from A’ to 
B’ to C’. This behaviour remains the same 
over time. There are no whirlpools or sudden 
changes of the kind as shown in Fig. 2.39 
where much of the energy of the fluid is 
consumed in turbulent motion (or eddies) and 
eventually converted into heat. A streamline 
in general follows the shape of the tube 
through which the liquid (fluid) flows. Thus it 
may be straight or curved. A tube of flow 
consists of a number of streamlines forming a 
tube. 


Fig. 2.39, Turbulent Flow 


If we consider a small tube of liquid whose 
boundaries are set by streamlines as in Fig. 
2.40 the velocity of the fluid may change as it 
flows along the tube. Suppose that at Q the 
velocity of the fluid is vı and the cross-sectional 
area A; and that at R the velocity is vz and the 
cross-sectional area Ag. Then for smooth, 


Fig. 2.38. Streamline flow 
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Fig. 2.40. 


continuous flow (i.e. streamline flow), the mass 
of the fluid passing the point Q@ must be equal 
to the mass of the fluid passing the point & in 
the same time interval t. ln time t, the mass 
passing Q is 
m= Volume x density 
=length x area x density 
=t XA Xe 
where vıt is the length of the fluid element 
passing Q in time ż, and p is the density of the 
fluid at Q. 
Similarly, at R 
m2=Vvat X Ae X p2 
Then, since the amount of fluid passing Q 
and R must be the same in equal times 


mi me m 
Enis UE 
dt vitAip1 _ vatAope 
t t 
or ¥141p1=v2Aep9 


If we assume that the fluid is incompres- 
sible, so that its density does not change i.e. 
pi=pe, then 


[e] « [2-2] 


If Ag> Aj, then n>vz 


This is the equation of continuity, which 
says that, for streamline flow, the speed of 
Slow of a fluid varies inversely with the cross- 
sectional area of the tube. The velocity of 
the fluid is greater in the narrower parts of the 

ipe. For example, if there are constrictions 
in blood vessels in the human body, the blood 
must move more rapidly to get through these 
constrictions, 


Daniel Bernoulli, the Swiss mathematician, 
Observed a very interesting phenomenon, He 
found that in a streamline fluid flow, the 
pressure is lower in the region where the flow is 
faster. This is called Rernoulli’s Principle. 
We may also state it in the following way. 

“When the speed of the fluid (liquid or gas) 
ina pipeline increases, the pressure decreases 
and conversely when the speed of the fluid 
decreases, the pressure increases. 

Applications of Bernoulli's Principle 


(1) Filter Pump or Aspirator. It is a simple 
device for reducing the pressure in a vessel and 
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works on Bernoulli's principle according to 
which pressure decreases if the velocity of flow 
increases, 


The apparatus consists of a wide tube A. 
Fig. (2.41), carrying a tapering tube B at the 
top. The tube Bends into a jet. A tube C 
with its cross section increasing downwards is 
fitted to the lower end of Band a tube Tis 
fitted to the side. The tube Tis connected to 
the vessel to be exhausted and water is poured 
into the tube B froma top. As the area of 
cross section of inner end of Bis very smali, 
water issues out of it with a very high velocity 
and hence at a very low pressure. On account 
of the low pressure at the nozzle of B, air 
rushes towards it from the vessel through the 

_ side tube T and is carried away by the stream 
of water down the discharge tube C. The 
pressure in the vessel can thus be made to fall 
to about 2 cm of mercury in a short time. 


On account of the conical shape of tube C 
with diameter increasing downwards the 
velocity of flow of discharged water decreases 
and therefore the pressure increases and the 
tendency of the outer air to rush into the tube 
through C diminishes. 


(2) The Atomizer or Sprayer. Atomizer, 
illustrated in Fig. 2.42 is yet another applica- 


tion of Bernoulli’s principle as applied to air. 


Fig. 2.42. 


Air is blown through a jet tube T by compress- 
ing a rubber bulb fitted to the end of the tube. 
While rushing out of the narrow aperture oO 
of tube T, air acquires a high velocity and 
hence the pressure in the vicinity of O is 


greatly reduced. Since the nozzle O lies directly 
above the nozzle of a vertical tube A dipping 
in the liquid in the vessel B, the liquid rises 
up on account of the difference of pressure and 
issues out of the aperture at the top where it is 
blown into a fine spray by the air stream 
issuing out of O. 


A (3) The bunsen burner, Fig (2.43) sucks in 
air through the air hole on the same principle. 
As the gas issucs through the jet hole inside the 
air, hole a low pressure zone is created in its 
vicinity and air is sucked inwards, 


(4) Lifting a Disc. A tube T carries a disc 
A at its lower end Fig. 2.44 (a). Bisa card- 
board disc placed below it. On blowing air 
into the tube a low pressure area is created, by 
Bernoulli's principle, between the two discs 
when air flows out rapidly through the narrow 
space between the two discs and the external 
atmospheric pressure pushes the disc B up. 


Fig. 2.43. 


Similarly when two ping pong balls are 
suspended side by side and air is blown up 
through the space between the two, the air 
flows rapidly through the narrow space between 
the balls and the pressure falls. The atmos- 
pheric pressure from the sides brings the balls” 
together. 


The arrangement in Fig. 2.44 (b) illustrates 
a similar effect in the case of a ping pong ba 
in a funnel. When air is blown into the stem, 
the ball is sucked up by the difference of 
pressure. 


{b} 
Fig. 2.44. 
(5) Magnus Effect * 


When a sphere spins rapidly in air, the air 
surrounding it is also set into rotation in the 
same direction on account of friction of the 
sphere, forming concentric stream lines as shown 
in Fig. 2.45 (a). On the other hand if the sphere 
moves linearly the streamlines are as shown in 
Fig. 2.45 (b). If the sphere is moving linearly 
as well as rotating the streamlines at the top 
due to both types of motion are opposed to 
each other and those below are in the same 
direction. The velocity of air flow is therefore, 
greater below than above the sphere..Since an 
increase in velocity is accompanied by a 
lowering of pressure, the pressure on the lower 
side will be less than the pressure above and 
hence a resultant force acts upon the sphere at 
right angles to linear motion in the downward 
direction. This acts as a centripetal force and 
the sphere moves along a curved path Fig. 
2.45 (c). This is valled Magnus Effect. The 
rougher the surface of the sphere, the 
greater the effect. A cricket ball bowled 
with an initial spin in the hand, a tennis 
ball struck out of centre and a pistol 
bullet show this effect, It is to avoid Magnus 
effect that for distance shooting the bullets are 
given cylindrical shape and they are given an 
initial spin about their axis inside the barrel 
of the gun by guiding them along a screw 
thread inside the barrel. In this case, as the 
streamlines due to rotation are at right angles 
to the streamlines due to linear flight the velo- 
city of air flow and hence pressure at the sides 
is uniform and therefore the flight is straight. 
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Fig. 247 


A hie 
(6) Streamlining»: When a body moves 
through a fluid (liquid or air) there is a rela- 
tive flow of the fluid with respect to the body. 
For simplicity consider the case of a spherical 
body moving horizontally through still air, 
Fig 2.46, with a small velocity v. 


The stream lines of air flow as shown in the 
figure, divide symmetrically in front of the 
sphere and then combine immediately behind 
the sphere. Energy is expanded in overcoming 
friction of the air and in carrying some of mass 
of air in front of the sphere. Such a flow is 
called ‘/aminar’ flow. The retarding force in 


TURBULENT FLOW 


> ws 


STREAM LINE FLOW 
Fig. 2.46. 
this case, is proportional to the velocity. Or 
for. 

At higher values of v, the streamlines take 
up the shape illustrated in Fig. 2.46 (6). The 
streamlines in this case divide symmetrically in 
front of the body but theydo not meet imme- 
diately behind the body but ata certain dis- 
tance from it. On the front surface the fluid is 


stopped momentarily (with respect to the body) 
and therefore, the pressure is great. At the 
back, due to high velocity of flow, a zone of 
low pressure is created which tends to suck 
air into it—a phenomenon which is known as 
tail suction. This tail suction acts in two ways : 
(1) It gives rise to violent eddies in the fluid 
when the fluid from the sides rushes into it 
and (2) it tends to drag the body backwards. 
The eddies tend to reduce the pressure still 
further behind the body thus helping to increase 
the drag. Thus more energy is expended in 
overcoming the extra force so produced, 
This type of fluid flow is called ‘turbulent’ flow 
and in this case the retarding force is propor- 
tional to the square of velocity. Thus 
fa 

By shaping a body to the streamlines of the 
fluid ‘through which it has to move, Fig. 2.46 
(c), the retarding force may be considerably 
reduced. In that case the tendency to form 
eddies or vortices is greatly reduced and the 
body, as it were, slips through the fluid with 
aminimum disturbance, This is called stream- 
lining. The bodies of airplanes, torpedoes, ships, 
bombs and automobiles are siream-lined to 
avoid wastage of energy in movement through the 
fluid, especially if they are to travel at high 
speeds. The man riding a race-bicycle bends 
his body forward in order to have a streamlined 
shape. 


7. Lift on an aircraft wing :— 


Fig. 2.47 shows the cross section of the wing 
of an aircraft. When the aircraft moves, the 
air flows both from under and above the wing. 
Aeroplane wings are so designed (i.e. stream- 
lined) that the total distance travelled by air 
flowing over the wing is /onger than that of the 
air flowing under it. Thus, the velocity of air 
flow aboye the wing must be higher than the 
velocity of air flow under the wing. From 
Bernoulli's Theorem we see that the pressure 
Pz above the wing is lower than the correspon- 
ding pressure Pı under the wing. The unbalaa- 
ced pressure causes a force to act on it and 
pulls the aircraft up. This force can be resolved 
into two components—the vertical component 
produces the /ift(L) and the horizontal com- 
ponent provides the drifi(D) Low pressure 
region over the wing accounts for almost two- 
thirds of the upward force. 


(8) Carburettor : The function of the 
carburettor is to deliver to the cylinder of a 
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petrol engine a correctly proportioned mixture 
of petrol (in vapour form) and air. It is based 
upon Bernoulli’s principle. 
SOLVED EXAMPLES 
Example 1: 
How much will a tungsten wire | m long 


and 1'00 mm in diameter stretch when a load 
of 1'0 kg is applied to it ? 

Take g=98 m/s? and Young’s modulus of 
tungsten wire=4°0 x 1011 N/m? 

Solution : 

Given, original length=L=1 m 

diameter of tungsten wire=D=1:'00 mm 

=1x 1078 m 

Load (F)=Mg=1'0x98 N 

Young’s modulus= Y=4:0 x 1011 N/m? 
change in length=/=? 


Since, 
F 
h DP ) ie res Dt 
Selena 
ial j; 
ars YER 
WALE 
~ DT 
<. Change in length=/ 
J ALF" 4LMg 
= n DYT xD2Y 
eS 4x1x10x9.8 
z x (10 X 1073)? x (4x 1011) 
=931 x105 m 


Py 
Fig. 2.47. Air flow across the wing of an aeroplane. 


Example 2: 

How large a force is needed to stretch a 
lcm diameter steel road by 0.10 percent ? 
Young's modulus for steel=20 x 1011 dyne/cm?, 
Solution : 

Here, diameter=D=1 cm 

-’. Area of cross-section 

wD? .22 1 22 2 
==> S7 aR om 

Longitudinal strain 

change in length 0°10 


= origi = T00 


original length 


Let F=force needed 


“gee. Force _ F 
A T E 
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Now Young's modulus= Y 

Stress 

Longitudinal strain 
Fx4 100 

u Eidet i 
or 20x10 =D? X O10 
22 1 0'10 
SOE iy- eee rA 
<. F=20x10! x 1X7% 700 dyne 

=1:57x 109 dyne 

Example 3 : 

An extension of 1 mm is observed in a wire 
of length 3 metre, when it is loaded with 19°6N. 
The diameter of the wire is 1 mm, Calculate (i) 
the stress (ii) the strain (iii) Young’s Modulus 
of elasticity of the wire. Take g==9'8 ms~2 

Solution ;—Given, F=196 N 

tadius=r=} mm=0:0005 m 

g=98 ms? 


a 


Original length=Z=3m 
Increase in length=/=1 mm=0'00] m 
F F 19-6 
(i) Stress=— = [rt = Fax C0005)" 
=2-495 x - N/m? 
(i) Strain = — 99°" —993x10-8 
(iii) Young’s Modulus= Y 
Stress ih 495 x 107 
= Strain 033x10 
=7'484 x 1010 N/m? 


Example 4 


What mass must be suspended from a steel 
wire 4 m long and | mm in diameter to stretch 
it by 2 mma Bane. s Modulus for steel is 
2x 1012. N 

sini : 

Given, original length L=4 m 

Radius=r=0'5 mm=0'005 m 

Increase in length=/=2 mm=0:002 m 


Y¥=2x 101 N/m? 
g=9'8 m/s? 
Mass=M=? 
Since, Young’s Modulus 
_ Stress Mg L 
os Strain — xr? T 
ar? i 
Mass=M= Y- I 
"8 
2x 1011 x 3-14 x (0:0005)? x 0:002 
98x4 
=8012 kg 
Example 5. 


A steel rail is 13 m in length and has an 
area of cross-section of 40 cm?. Between night 
and day, the change in length is 6mm. What 
force parallel to the rail would be required to 
prevent this increase in length? Young's 
modulus for steel is 20x 10” N/m?, 


Solution 

Here, 

Original length=L=13 m 

Area of cross-section 
=4=40 cm?=4x 1073 m? 


Change in length 
=/=6 mm=6x1073 m 
Young’s modulus= Y=2:0 x 1011 N/m? 


Force required =F=? 
Since, 
Oa EA EE 
YL Ad 
S FeAl 
L 
20104 x 4 x 10°8x 6x 10-3 
1 de RBA TSS REA SR 
13 
=3'69 x 105 N 
Example 6. 
An iron cube of volume 800 cm? is 


totally immersed in (i) Water (ii) Oil of 
density 0°8 g/cm? (ii) Oxygen gas of density 
00015 g/cm’, Calculate the upward thrust 
in each case. (Take g=1000 cms?) Density 
of water=1 g/cm’, 


Solution. 


Upward thrust= Weight of fluid displaced 
(i) +. Upthrust= Weight of 800 cm? of water 
==mass X Acc. due to gravity 
=volume X density x g 
=800 x | x 1000 dyne 
800 x 1000 
i a | eN 


(ii) .. Upthrust 
= Weight of 800 cm3 of oil 
=800 x 0:8 x 1000 dyne 
800 x 0°8 x 1000 
Rare [iC ERIS =64 N 
(iii) . Upthrust 
= Weight of 800 cm? of oxygen 
=800 x0°'0015 x 1000 dynes 
__800 x0" 0015 x 1000 1000 


3 Oe =0012 N 


Example 7. 


A metal cube weighs 10N in air (mass | kg) 
and 8N when totally immersed in water. 
Calculate its volume and density. 


(Take g=10 ms~2), 
Solution. 
We have, Upthrust=10 N—8 N=2 N 
or 2N=weight of water displaced 


e. Mass of water displaced =—7 kg 


=200 g 
Volume of water displaced 
=200 cm 
= Volume of cube 
Density 
_ Mass 1000 
~ Volume 200- 
=5 g/cm®=5000 kg/m? 
Example 8. 


An iron cube, mass 480 g and density 8 
g/cm’, is suspended half-immersed in an oil of 
density of 0'9 g/cm’. Find the tension in 
the suspension. (Take acceleration due to 
gravity=10 ms" 2) 


Solution. 
Weight of iron cube 
_ 480 ‘ 
= ono * 10=48 N 
Volume of cube 
= Mass _ 480 _ 3 
Density teen 
Upthrust 
=Weight of 30 cm of oil 
=30x 0'9 x 1000 dyne 
= 30x09x1000 
OTE ITET =0'27 N 


Tension in String (apparent weight) 
=4'8—0:27=4:53 N 
Example 9. 
A body weighs 60 g in air and 42 g in 
water. Find its volume and density. 
Solution : 
Weight of the body in air=60 g 
Weight of the body in water=42 g 
Loss of weight of body in water 
=60—42 
=18g 
Loss of weight in water 
=Weight of an equal volume of 
water displaced by the body. 
«<. Volume of the body is numerically 
equal to the loss of weight in water i.e., 18 cm3. 
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Relative Density of the body 


Weight of the body in air 
Loss of weight of body in water 


Since relative density of a body is’ the den- 
sity of the body over the density of water and 
as density of water is Ig/cm, therefore, density 
of body is 33 g/em3. 


Example 10. 

A piece of glass weighs 8'6 g in air, 
5'17 g in water and 6:4 in alcohol Find the 
relative density of alcohol. 

Solution. 

Weight of the glass piece in air=8'60 g 

Weight of the glass piece in water=5'17 g 

Weight of the glass piece in alcohol=6:40 g 

Loss of weight of glass piece in water 
=8'60—5:17 
=3'43 g 
and Loss of weight of glass piece in alcohol 
=8:60— 6'40 
=2:20 g 
Relative density of alcohol 
_ Loss of weight of glass piece in alcohol 
Loss of weight of glass piece in water 
2:20 


Example 11, 


A cylindrical cup with 14 cm as external 
diameter and 5cm as height weighing 462 g 
is placed on the surface of water. How 
much of it will go into the water and how 
much, if any, will remain out of it ? 

Solution. 

Diameter of the cup=14 cm=2r 

radius=r=7 cm 

Height of the cuap=5 cm 

Weight of the cup=462 g 

Suppose x cm of cup goes into water, 

Now from the conditions of equilibrium of 
a floating body, we know that 

Weight of the liquid displaced 

= Weight of the bedy 
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<. Volyfne of water displaced x density of 
water=46 
or (nr2)x Xp=462 


where p=density of water 
or Ee x7X7xx x 1=462 
wily a Ie 
SE e 
Height of the cup which remains out of 
water =5—3=2 cm 
Example 12. 


A beaker of water is placed on a balance 
and counterpoised. piece of iron 
weighing 15 g suspended by a thread is lower- 
ed into the beaker until it is completely sub- 
merged without touching the beaker. What 
weight must be added to restore equilibrium 
and in what direction? (density of iron 


=75 g/cm?) 


Solution. 

Mass of iron piece=15 gm 

Density of iron piece (p)=7°5 gm/cm? 
Mass 


e= Volume 
sads 
o. T= 7 


or V=2 cm? 
Upward thrust of water on the iron 
piece 
=Wt. of water displaced by the iron 
piece 
=Wt. of an equal volume of water 
=Wt. of 2 cm? of water 
=1960 dyne 
=Weight of 2 g of water 


This upward thrust is experienced by the 
hand which holds the iron piece. 

By the third law of motion, water experien- 
cesan equal downward thrust. This down- 
ward thrust acts on the bottom of the beaker. 
In order to balance it, a weight of 2 gm must 
be added to the second pan of the balance. 


Example 13. 

What volume of cork of density 0°25 glem? 
must be tied to a lump of platinum of density 
21:5 g/cm? weighing 95 gm in order that the 
density of the resulting object may be 10 g/cm’. 


Sclution. 
Density of the cork=e1:=0°25 g/cm? 
Density of platinum=p2=21°5 g/cm? 
Let mass of the cork=m g 
Mass of platinum=me=95 g 
Average density (p) of the resulting object 
=10 g/em 
Since, density of the resulting object 
_ Total Mass 
~~ Total Volume 


aks 


Sait) 
T25 15 


0°25 
T e185 
m=43x 39 § 
Volume of the cork 
SA iy CER 
f1 43x 39 x0'25 
=5'212 cm? 
Example 14. 


A glass tube 30 cm long and } cm? in cross 
section is closed at one end ; its weight is 4 g 
and 10 g of mercury are poured into it. What 
will be the density of a liquid in which it floats 
vertically with 2 cm length of its stem above 
the surface ? 

Solution. 


Length of the tube=30 cm 
Area of cross-section of the tube=5- cm? 


Weight of the tube=4 g 
Weight of mercury=10 g 
Weight of tube containing mercury 
=4+10=14g 
Length of the tube outside the liquid=2 cm 
Length of the tube inside the liquid 
=30—2=28 cm 
Volume of liquid displaced 


1 
= he 3 
28x 7 14 cm 


Da eee 


Now, for equilibrium 


Weight of the liquid displaced 
=Weight of the floating body 


or 14xp=14 

or p=1 g/em3=1000 kgm™ 

Example 15. 

A solid body floating in water has 3th of 
its volume above the surface. What fraction 
of its volume will project if it floats in a liquid 
of density 1'2 g/cm? ? 

Solution. 

Let the volume of the solid body=V cm? 

Volume of the solid body above water 


surface= u cm? 


Volume of the solid body inside water 
surface 
Kig 
ae NE 3 
=V rast Vcm 
Weight of the solid body 
=Upward thrust of water on the solid 


body 
=Wt. of water displaced by the immersed 
part of the body 
I) 
ile a Vx1xXg 
wr) 
ary Vg H(i) 


Let the volume of the solid body projecting 
outside the liquid of density 1:2 g/cm? be x. 
<. Volume of the solid body inside the 
liquid=(7— x) cm? 
Again, wt. of the solid body 
= Upward thrust of liquid on the solid 
body 
=Wt. of the liquid displaced by its 
immersed part 
=(V—x)x12¢g «--(2) 
Since (1) and (2) are equal, 


(Vax) 22 2V 


6 
2:2 il 
ae ag lg 


Example 16. 

A silver ornament is suspected to be hollow. 
Its weight is 288°75 g and it can displace 30 cm3 
of water. If the density of silver is 10°5 g/cm3, 
find the volu...2 of the cavity. 
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Solution. 

Mass of the silver ornament=288°75 g 

Density of silver=p=10-5 g/cm? 

Real volume of silver 
__ mass 
~ density 
__ 288-75 
ETY 
=27:5 cm? 

But the apparent volume of the ornament 
= Volume of water w` ich it can displace 
=30 om? 

Volume of cavity inside the ornament 
=30—27'5 
=2°5 cm? 

Example 17, 

Osmium is the densest of the elements. Its 
density is 225x103 kg/m’. What will be the 
weight of a cube of osmium of side 5m, when 
weighed in air, in water and in mercury ? (Take 
g=9'8 ms“). Density of water 

=1000 kg/m? and density of mercury 
=13°6 x 103 kg/m8. 

Solution, 

Given, side of the cube of osmium 
=5cem=5x 1072 m 

Volume of the cube of osmium 
=5x 1072x 5X 1072x 5x 1072 m3 
=12'5x 1075 m3 

density of osmium=22°5 x 103 kg/m3 
Weight of cube of osmium in air 
=Volume x density x Acceleration due to 
gravity 
=12°5x 1075 X22°5 x 103x98 N 
=27'56 N. 
Weight in water 

Upward thrust experienced by the cube of 

osmium in water 
=weight of water displaced by the cube 
of osmium 


=Volume of water displaced x density 
of water x Acc due to gravity 


=(12°5 x 1075) x(1000)x 9'8 N 
=1'225 N 
21:23 N 
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.. Weight of the cube of osmium in water 
=Weight of cube of osmium in air 
—upward thrust experienced by the 
cube of osmium in water 
=27'56 N— 1:23 N 
=26'33 N. 


Weight in mercury 
Upward thrust experienced by the cube of 
osmium in mercury 
=Weight of mercury displaced by the 
cube of osmium 
=(12:5 x 1075) x (13:6 x 103) x9'8 N 
=16'66 N. 
Weight of the cube of osmium in mercury 
=Weight of the cube of osmium in air 
— upward thrust experienced by the 
cube of osmium in mercury 
==27-56~ 16°66 
=10:90 N. 


Example 18. 


A girl weighing 50 kg walks on high heels, 
Suppose the area of the heel is 1 cm?, what is 
the pressure in S.I. units on the ground when 
only one heel is in contact with it ? 


(Tage g=9'8 ms~*) 


Solution. 
Here, force=mg=weight of the girl 
=50 x98 N 
=490 N 


area of the heel=1 cm? 
=1°0X 1074 m2 


force 
7. Pressure= 
area 


490 
roxio Nin? 
=49X 10° N/m?, 


Example 19. 

Pressure of air at ground level is the same 
as that ofa column of 0:76 mof Hg. How 
much is it in N/m? ? What will be the height 
of a water column that has the same pressure ? 

(Take g=9-8 m/s*). Density of mercury 
=13'6 x 108 kg/m® and density of water 
= 1000 kg/m’. 


Solution. 
Pressure of air at ground level 
=P=hg 
=0°76 x 13°6 x 108 X 9°8 N/m? (or Pa) 
=1-01 x 105 N/m? 
Now, for water 


p= 108 kg/m8, 
PART oie io 
and so h= oe 7 108K 98 =10:33 m 
Hence the height of water column must be 
10°32 m. 
Example 20. 


Water flows through a pipe of 2 cm internal 
diameter at the rate of 8 litres/min, What is 
the speed of water ? 


Solution, 
Given, rate of flow of water through a pipe 
=$ litres/min 
8x 10-8 
=a m/s 


Internal diameter of the pipe=2 x 1072 m 
Internal radius of the pipe 
=r=1x10-? m 
Area of cross-section of the pipe 
=A=nr* 


=F x102) m? 
Let speed of water =r 


_ Since, rate of flow of water through the 
pipe =Ay 
8x 10-8 
60 


or v=0:42 m/s 
Example 21. 


Cold water circulates through a house from 
the main water pipe in the basement. The 
water enters the house through an 8'0 cm dia- 
meter pipe at a flow speed of 0:60 17 /’s under a 
pressure of 40x105 N/m?. What is the flow 
speed of the waterin a 5:0cm diameter pipe 
on the third floor, which is 9:0 m above the 
main water pipe in the basement ? 


=a (1% 10-2)2xy 


Solution. 
From the equation of continuity for fiuid 
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Hence, n= au VA 


flow, we know that the flow speed and the Here, Aj=r (0'040 m)? ; Ag=n (0'025 m)?; 


cross-sectional area of the pipe at any two ¥=0°60 m/s, 
points along the pipe are related by the À A (0:040 m)# (0-60 
a i a= (0025 me (0 60 m/s) 
Awi= Aare =15 m/s 
SUMMARY 

1. Solids are generally identified by the fact that they retain their shape indefinitely and resist 
forces that tend to change their shape. 

2. Stress is a restoring force per unit area and is measured in unit of force per unit area, Its S.I. 
unit is N/m’. 

3, Strain is the change in size or shape of a solid produced by an applied stress. Being a ratio of 
the same physical quantities, it has no unit. 

4. Young's modulus is the ratio of stress to longitudinal strain. 

(FIA) 
Y="(IL) 
CFI) tora wice'of radi 
= "UID for a wire of radius r. 
Its unit is N/m*. 

5. According to Hooke’s law, the strain produced in a solid is directly proportional to the applied 
stress, so long as the stress does not exceed the elastic limit. 

6. Elastic limit is that value of the stress beyond which Hooke’s law is no longer valid. 

7. One of the basic properties of a liquid is that it takes the shape of the vessel which holds it. 

8. Free surface of a liquid at rest is always horizontal. 

9. The surface of a liquid behaves as if it were a stretched, thin, elastic skin, which always tends 
to be as small as possible. The force which causes the surface of a liquid to behave like a 
stretched elastic skin is called surface tension. 

The magnitude of the force depends upon (i) the nature of the liquid, and (ii) the medium 
in contact with it. 

10. ` Contaminating a liquid surface reduces its surface tension. 

Surface tension diminishes with rise in temperature. 

11. The property possessed by a liquid to rise or fall in a narrow tube is called capiilarity. The rise 
or fall in level depends directly upon the surface tension of the liquid and inversely on the 
diameter of the capillary tube 

12 According to Archimedes principle, an object partially or totally submerged in a fluid 
se or gas) is buoyed up by a force equal to the weight of the fluid which the object 

isplaces, 
£ it a Weight of the object in air H 
13 Density of a solid (¢) Tee ce wala weight of th ai tha ak jeck In ater wala X Density of water 
__ Force 
14. Pressure = RRT. 
Its S.J, unit is N/m*. This unit is also known as pascal (symbol Pa). 
If the force on every unit area of a surface is the same, the pressure is called uniform pressure. 

15. The pressure at a point inside a homogeneous liquid is the same in al! directions, 

16. The pressure of a homogeneous liquid at all points in the same horizontal plane is the same. 

17. According to Pascal's law whenever pres-ure is applied on any part of a liquid contained in a 
vessel, it is transmitted undiminished and equally in all directions. 

18. Pressure (P) at any point at a depth ‘A’ in a fluid (liquid or gas) of density a is heg where g is the 


acceleration due to gravity at a place Że., | P=hog . Thus pressure ina fluid increases with 


depth. The denser a fluid, the greater the pressure it exerts. 


19. 


20. 


21. 


Onearth, the pressure due to the weight of the air in the earth’s atmosphere is called 
atmospheric pressure. 


1 atmosphere (symbol atm)=1°01 x 10° N/m? (or Pa). 
Rate of flow of a fluid is the volume of the fluid that flows out of a pipe in one second. 


[ano | 


This equation says that for a stream-line flow, the speed of flow of a fluid varies inversely 
with the cross-sectional area of the tube. 
According to Bernoulli’s principle, in a stream-line fluid flow, when a speed of the fluid (liquid 
or gas) in a pipeline increases, the pressure decreases, and conversely when the speed of the fluid 
decreases, the pressure increases. 


Water seeks its own level. That is why all surfaces of liquids are horizontal. Town water 
supply is an example of a liquid finding its own level. 


Equation of continuity : 


QUESTIONS 
[A] Objective-type Questions : 
1. Solids and liquids have a...... shape. 
2. ..-..-i8 the S.I. unit of stress. 
3. The S.I. unit of atmospheric pressure is 
(i) joule 
(ii) pascal 


(iii) newton 
(iv) newton/metre 


A plastic body acquires a... ......deformation. 
Buoyancy is 
(a) a downward force 
(b) pressure 
(c) momentum 
(d) an upward thrust 
. When a body is partly immersed in a liquid, it experiences an upward thrust equal to 
(a) the weight of the liquid displaced by its immersed part. 
(b) the weight of the liquid displaced by its part which is not immersed. 
(c) the weight of the whole body. 
. If the weight of a solid body is equal tc the upward thrust experienced by it whenever 
it is immersed in a liquid, the body will 
(a) sink 
(b) float 
(c) rise 
In question 7, the resultant force is 


(a) zero 
(6) greater than zero 
qc) 1ess than zero 


14. 


15. 


16. 


17, 


18. 


19. 


. Density of a solid= 
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. In SI system, the unit of density is......... fı 


Weight of solid in air z 
—— b- - x density of water 


. Pressure is defined as............PEl UMit...-..---...00 
. In SI system, pressure is expressed as ......-...-- 
. Pressure at any point at a depth ‘A’ in a liquid of density p is 


(a) hpg 


he 
(c) F 


(d) 2heg 
(e) zero 
Whenever a pressure is applied on any part of a liquid contained in a vessel it is 
transmitted 
(i) undiminished and equally in all directions 
(ii) undiminished and unequally in all directions 
(iii) diminished and equally in all directions 
(iv) undiminished and equally in some directions. 


Hydraulic lift is based on 

(a) Newton’s first law of motion 
(b) Pascal’s law 

(c) Archimede’s Principle 

(d) Bernoulli’s Principle 


The earth’s surface is surrounded bya thick layer OCH E T called the.....,... and 
the force due to the weight of this column of......-..... per unit area is called the.......... 


1 millibar=.........-+- Nm 
1 atm= ities NMS, dynefcm? =... neee bar 


Stress per unit longitudinal strain is equivalent to 

(a) pressure 

(b) density 

(c) Young’s modulus 

(d) velocity 

(e) acceleration 

A block of wood (density 800 kg m7) is placed gently into a beaker of ethanol 
(density 800 kg m8). The block of wood will 

(a) float with half its volume in the ethanol, half its volume in the air 
(b) sink to the bottom of the beaker 

(c) float just completely submerged 

(d) sink to the centre of the ethanol with all of the block submerged 
(e) float on the surface of the ethanol with most of the block in the air 


20. Aerofoil lift is due to 
(a) faster airflow over the top surface than over the bottom surface 
(b) slower airflow over the top surface than over the bottom surface 
(c) equal airflow over the top surface and the bottom surface 


21. Surface tension tries to minimise the..........-...- of a given mass of liquid. 


22. The rise in level of a liquid in a capillary tube depends directly upon the........ «of the 


liquid and............ on the diameter of the tube. 
23. A siphon is used to transfer any liquid from 
(i) a lower level to a higher level 
(ii) a higher level to a lower level 
(iii) one point to another poirt at the same level. 
24. A pressure of 108 dyne/cm? is equal to a pressure of 
(i) 107 N/m? 
(ii) 108 N/m? 
(iii) 104 N/m? 
25. Pressure difference between two levels depends 
(i) on the way the two levels are connected 
(ii) on the level difference 
(iii) none of the above 
[B] Very Short Answer-Type Questions : 
1. Mention SI unit of stress. 
. Mention S.I. unit of strain. 
. Give S.I. unit of Young’s modulus. 
. What is buoyancy ? 
. Give the mathematical statement of Hooke’s Law. 
. What is the effect of contamination on surface tension of water ? 
| If we raise the temperature of water, will its surface tension increase or decrease ? 
. Give an example of capillary action. 
. Define pressure 
. Mention S.I. unit of pressure. 


m 
>o ODDA VYN 


= 
a 


= 
N 


displaced by it ? 
. Give one example of a perfect flaic. 
. How are pressure and force relate“ `o each other ? 


pi et ot 
a » G 


density p where acceleration due to gravity is ‘g’? 
. Define rate of flow of a fluid. 
. What is equation of continuity ? 


— i 
aea 


. If you fill the tin with water, water will sprout out of the holes which are at the same 
height on the tin. Will water fall at the same distance from the periphery of the tin ? 


. A body whose volume is 0:05 m8 is immersed in water. What is the volume of water 


. What formula ıs used to calculate pressure at any point at a depth ‘h’ in a liquid of 
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18. A liquid flows continuously through a pipeline of non-uniform cross-section. What 
happens to the velocity of the liquid in the narrower parts of the pipe ? 


19, The wings of the aeroplane are so designed that the air blowing above the wings is 
speeded up. What happens to the pressure of air on the top of the wing ? 


20. What is an elastic limit ? 

21. Name two practical applications of Pascal’s law. ` 

22. Mention two practical applications of Bernoulli’s principle. 

23, Mention a common property of all fluids. 

24, Is pressure a vector quantity ? 

25. Name that property of water due to which it wets the cloth even when a small part of it 


is dipped in it. 
26. Name two physical quantities having the same unit : Nm? [4.7.S.S. 1987] 
27. Give reason why atoms in a substance attain equilibrium at some well defined 
separation. [4.1.S.S. 1987] 


[Hint : At this separation force of attraction balances the force of repulsion.] 
[C] Short Answer Type and Essay Type Questions : 
1. Explain the following terms : 


(i) Elasticity (ii) Stress (iii) Strain 
(iv) Hooke’s law (v) Modulus of Elasticity (vi) Longitudinal strain 
(vii) Elastic limit (viii) Young’s Modulus 


Which is more elastic, iron or rubber? Why ? 


3. (a) Define longitudinal strain and Young’s modulus of a given wire. Mention their 
units in S.I. system. 
(b) How will you determine Young’s modulus of a given wire experimentally ? 
4. (a) Draw and explain stress-strain graph in case of a wire which is gradually loaded. 
(b) From the above graph explain the properties, (i) elasticity (ii) plasticity (iii) 
brittleness (iv) ductility and (v) malleability, of the materials. 


5. In Fig. (2.2) when we place weights in the hanger, a force mg {m includes the mass of 
the hanger) is applied to the wire and acts vertically down. Since the wire does not 


move, an equal and opposite force must be acting on it. Which is this force and bow 
does it arise ? 


6. What is buoyancy? Name two factors that influence buoyant force. 

7. State the principle of Archimedes. How it can be verified experimentally. 

3. Show that when a body floats in a liquid, the weight of the body in air is equal to the 
weight of the liquid displaced by it. 

9. Explain how one can determine the relative density of a liquid by weighing a solid body 
suspended inside it. 


10, If we have a solid body whose density is exactly equal to that of water, what will happen. 
to it if we drop it in water ? Will it sink or float ? 


11. Explain why : 
(i) An iron piece sinks in water while a ship floats. 
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(ii) It is easier to swim in sea-water than in river-water. 
(iii) Ice floats on the surface of water. 
(iv) A balloon filled with hydrogen gas rises in air. 


12. (a) Distinguish between density and relative density of a subst i its i 
which they are measured. i ee units in 


(b) How will you determine the density of a solid heavier th i i 
Hon aedes MEDIAT ier than but insoluble in water 


13. praia what is meant by (a) the pressure on the surface (b) the pressure at a point in a 
iquid. 
14. Describe an experiment to show that equal pressure is exe: i irecti 
point ina liquid at rest. p! rted in all directions at a 
15. State Pascal’s law and describe an experiment to demonstrate it. 


16. (a) Distinguish between force (thrust) and pressure and mention the its i i 
both these quantities are measured ? (he SEunite ta which 


(b) Deduce an expression for the pressure at any point in a liquid at rest. 
17. (a) What is an atmosphere ? 
(b) Describe two simple experiments to show that air exerts pressure. 
18. Why is the effect of great atmospheric pressure not felt by the man ? 
19. Why do we require two holes in a milk tin before the milk can be poured out ? 
20, How are you able to drink lemonade through a straw ? 


21. The walls of the water reservoir are not of uniform thickness—th 
thicker than the upper parts. Explain why this is so. i Sti gic ag aon 


22. If a person is standing close to a fast moving train, in which direction i ‘i 
fall—towards the train or away from it? hi ich direction is he likely to 


23. Le sc San for flow of fluids. Give two practical applications of this 


24, (a) What is meant by streamline flow and turbulent flow ? 

(b) What happens to. the speed of a fluid through a constriction (i.e., narrow pipe) ? 
25. What is capillarity ? Give some examples of capillarity in daily life. 
26. Define surface tension. 

Describe two experiments to illustrate the phenomenon of surface tension. 


27. Explain the following :— 
(i) Why water rises against gravity jn a capillary tube ? 


(ii) Why a small drop of mercury is almost perfect] i 
resting on a glass plate is flat at the top ? a ee 


(iii) The small space between two parallel circular glass plates is fill : 
lain why is it much easier - plates is lled with water. 
E Oat ‘pull. easier = separate the plates by sliding over the other than 


(iv) Why does ink rise in a blotting paper ? 
(v) Why does a small piece of camphor dance on the surface of water ? 
28. Explain the lift of the wing of an aeroplane. 


— 


34, 


35. 


36. 


37. 


39. 
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. When an air stream is blown between two sheets of cards close to each other, they 


attract. Why ? 


. What happens to the pressure of a fluid when it passes through a region where its speed 


increases ? 


. Explain by what factor the rate of flow of water will increase if the diameter of the bore 


of the capillary is doubled. 


. Whatis a siphon? Explain the principle on which it works. Mention some of its 


practical applications. [A./.S.S. 1987] 


. In using a siphon to transfer petrol from one car tank into another; wili the petrol flow 


if the two tanks are at the same level, one containing plenty of petrol while the other 
is empty? Why does the liquid flow more quickly out of the siphon when the level of 
the mouth of the siphon is lower ? 


Explain how it is possible to water plants in pots by placing a pail of water beside 
them and running threads of wool from the water to the soil. 


Answer the following questions : 
(i) Why is sandy soil dry, while clay soil is wet ? 
(ii) Why can many insects walk over the surface of water without sinking ? 
(iii) Why do the bristles of an artist’s paint brush cling closely together when removed 
from water ? 


Describe with the aid of diagrams how you would show that the rise of water in a 
capillary tube depends on the width of the tube. 


State Hooke’s law and describe briefly how it can be verified. [4..S.S. 1986] 


A pointer attached to a spring points to 10 cm when there is no weight hanging from 
it. When a 20 g weight hangs from it, it points to 12:5 cm. Where does it point if an 
80 g weight hangs from the spring? What weight will be required to make the pointer 
point to 13°Scm? 


. How can you show experimentally that liquids seud across pressure equally in all 


directions ? 
How can you show very simply that the pressure in a liquid increases with depth ? 


. Fig. (2.48) is a tank of water. Why is the tap placed at the bottom? As water is 


draws from the tap, does it come out with the same force (or at the same rate) while 
the tank is emptying? Explain. 


t> 


4. 


Fig. (2.49) is a tank of water. Explain wbat happens when tap T is opened. 


Fig. 2.49 


. In Fig. (2.35), A is a reservoir from which water is supplied to a town. B, C, D and E 


are houses supplied with water through pipes. Explain the following : 


(a) In which of the four houses B, C, D and E will the water come out of the tap with 
the greatest force and why ? 


(b) Which of them is most likely to have a continuous supply of water, whether the 
season is dry or wet? Why? 


(c) Which of them is most likely to be short of water during the hot season when the 
water supply is generally low, and why ? 


(d) Which of them will continue to have water for the longest time after the tap T of 
the reservoir has been closed, and why ? 


43. Place two thick books ona table about 5 cm apart (Fig. 2.50), Place a sheet of paper 


on them, and blow hard between the books underneath the paper. The paper will bend 
towards the table. Explain why ? 


45. 


. Take a sewing needle and uniformly apply a little vaseline to it (This prevents the 


edie from getting wet}. Take a piece of blotting paper or a piece of newspaper and 
er it on he aater surface in a tumbler more than three-fourths full of water. Gently 
place the needle on the paper. After sometime, you will find:that the needle keeps 
floating on the water surface even though iron isso much denser than water. Explain 
why ? 

3 bce cH È the 

An egg is found to sink in water. When salt is gradually dissolved in the water, 
egg HA up and finally floats. Explain why ? [4.1.S.S. 1987] i 
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PROBLEMS 


. A copper wire of length 2 mand diameter 2 mm is supported at one end and hangs 
vertically down. Jfit is loaded at the other end by a mass of | kg, calculate the 
extension of the wire. Young's modulus of copper=1°3 x 1014 N/m2. 

[Ans. 48x 10-5 m] 


. A load of 20 kg stretches a wire of length 4m and area of cross-section 4 mm2 by 
0:004 m. Calculate the values of stress and strain. (Take g=9°8 m/s2), 

[Ans. 49x 107 N/m? ; 10-3] 

. Calculate the Young’s Modulus of a wire 3 m long: 1 x 10-5 sqm in cross-section when 

a load of 10 kg stretches it by 0'i mm, (g=9'8 m/s). [Ans. 294x104 N/m?] 


. A wire of length 2m and 0:5x10~5 m? in cross-section is to be doubled in length. 
Calculate the force required if Young’s Modulus of the wire is 9'8x1019 N/m2, 
(g=98 m/s2). [Ans. 49x105 N] 


. A copper wire of length 5m has Young’s Modulus as 125x 1010 N/m2. A stress of 
15x10 8kg wt per sq mm is applied on it. Calculate the strain and the extension 


produced in the wire. (g=9°8 m/s?). [Ams. 1:18 10-5 ; 5910-5 m) 
. What force is required to stretch a steel wire of 1x 10-4 sq m cross-section to double 
its length ? Y for steel=2 x 1011 N/m?. [Ams. 2x 107 N] 


. Following observations were made during an experiment for the study of the elasticity 
of a wire : 


Stress (in N/m?) Strain 
1 0x 108 0x 10-8 
2 2x 106 1x 10-8 
3 4x 108 2x 1073 
4 6x 108 3x 10-3 
5 65x108 325x 10-8 
6 8x 106 4x 1078 
7 1x 107 5x 10-8 


Plot a graph between stress and strain. Calculate the value of stress for strain 
=2:5 1078 from the graph, Also calculate.‘Y’ for the wire. 
[Ans. 5x106 N/m? ; 2x 109 N/m?] 


. While studying the elasticity of wire experimentally following observations were made : 


Sr. No, Load (in N) Length of wire (in m) 
1 0°00 1-000 
2 1:00 1/001 
3 2°00 -1002 
4 3:00 1003 
5 4:00 1:004 
6 5:00 1-005 
7 525 1:006 
8 5:50 1-008 
9 5°75 1020 

10 6-00 1:040 


Plot a graph between extension of the wire and the corresponding load. Interpret the 
graph. 
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10. 


11. 


12. 
13. 


14. 


15. 


16. 


17. 


21. 


22 


. A log floats on water with a its volume submerged. What is the density of the log? 


Density of water= 10% kg/m3. [Ans. 0°80 x 108 kg/m*] 
Suppose a crown like the one Archimedes tested has a weight of 30N in air, and only 
28N when submerged in water. 
(a) Is it made of pure gold or some other material ? 
(b) If the crown is made partially of lead and partially of gold, what is the percentage 
of lead in it ? 

Density of gold=193 x 103 kg/m? ; Density of lead=11-3 kg/m’, 

Ans. (a) Not pure gold (b) 56% lead and 44% gold] 
A sinker weighs 45g in air and 25g in water. Find its density Density of water 
=103 kg/m. [Ans. 225x103 kg/m3] 
A body weighs 75 g in air and 50 g in water. Find its volume [Ans. 25x105 m3] 
A piece of metal weighs 100 g in air, 88 g in water. What would it weigh in a liquid of 
density 1:5 x 103 kg/m? ? [Ans. 82 g] 


A man carries a 20 kg bucket full of water in his right hand and a 2 kg fish in his left 
hand. The density of fish is 1-0 103 kg/m3. He puts the fish into the bucket of water. 
How much does the right hand carry ? [Ams. 20 kg] 


f SA A 5 > 
An iceberg floats witk To of its volume above the surface in fresh water. What fraction 


will be above th^ surface in sea-water? 1 mof fresh water= 1000 kg and 1 m? of sea 


water=1025 kg. [ Ans. 356 
A circus elephant weighing 2000 kg is taken aboard a barge of length 5 m and breadth 
2 m which is standing in a river. How many metre does the barge sink ? Density of 
water=108 kg/m*. [Ans. 0:2 m] 


A copper cube of mass 0°50 kg is weighed in water (density 10° kg/m3). The mass 
comes cut to be 0'40 kg. Is the cube hollow or solid ? Density of copper=8-96 x 103 
kg/m8. [Ans. hollow] 


. A piece of ice toats on water. What fraction of its volume will be above the surface 


of water? Density of ice=0-92 x 103 kg/m3. [Ans. 0:08] 


A cylindrical vessel of cross-sectional area 5X1073 m2 contains water to a depth of 
0:02 m_ Find the force (thrust) on the base, and also the additional force (thrust) when 
a wooden block of volume 6x 10-5 m3 and density 500 kg m~3 floats on the surface of 
the water. Density of water is 1000 kg/m’. [Ans, IN; 03 N] 


. A stone weighing 49°35 g appears to weigh 28 35 g when suspended in water. What 


will it appear to weigh in a liquid of density=1:12x 103 kg/m3? Density of water 
=103 kg m3. [Ans. 2583x107? kg] 


A rectangular barge 6 m long. 2m wide and! m deep weighs 360 kg. When it is 
floating unloaded in water, where is ths water linc ? What is the greatest load which 
can be placed in it without its sinking? The weight of 1 më of water= 1000 kg. 

[Ans. 0:03 m immersed : 11640 kg] 


Five shipwrecked sailors weighing on the average 80 kg each saved themselves ona raft 
3mx2mx05m 


(a) The raft floated in the sea with its top face level with the surface. What was the 
weight of the raft ? 


28. 


29. 


31. 


32. 


-o 


(b) They reached the coast and attempted to pass up a wide river. Did the raft sink ? 
(c) Fon man has volunteered to swim ashore. would the raft have sunk in the river 
then 


Density of sea water=1025 kg/mè & density of river water=ìu? kg/m8. 
[Ans. (a) 2675 kg (b) Yes (c) No] 


A body weighing 300 g in air was put in a yessel containing mercu: |“ and-was found to 
float in it with 3/7 of its volume outside mercury. If the density of mercury be 
13-6 g/cm’, find that of the body. Also determine its vqlume. ; 

3 y 7:77 glcm? ; 38-6 cm] 


A boy weighing 40 kg is standing on the floor. The area of his foot is 1°0x 10-2 m?. 
Calculate the pressure he exerts when he stands on one foot and on both feet. 
(g=9'8 ms?) [Ans. 39200 N/m? ; 19600 N/m?] 


Calculate the pressure at the depth of 1/10 m in mercury. Density of mercury is 
136x103 kg m3. What will be the pressure, if it is water? Density of water 
=108 kg m`’, [Ans. 13328- N/m? ; 980 N/m?] 
Find the height of a column of water which would produce the same’ pressure on the 
earth as is produced by the -earths atmosphere. Atmospheric ' pressure is 
1°01 x 105 Pa (or N/m?). Density of water=10? kg/m’. [Ans. 10:3 m] 


Calculate the order of magnitude of the force exerted by the earth’s atmosphere i.e., 
1:01 x 105 N/m? on the outside of a\person’s body having surface area 2'2 m?, Why 
does such a force cause no discomfort to the person and produce no acceleration ? i 
fAnms. 2:2 105N] 
A mercury manometer (a device used to measure pressure, usually the difference between 
the pressure on a confined gas and atmospheric pressure) is connected to a gas cylinder. 
The mercury column connected to the cylinder falls to a point 18 cm below the top of 
the other mercury column. 
(a) What is the gauge pressure of the gas in the cylinder ? 
(b) What is its absolute pressure ? 
Density of mercury =13°6 x 108 kgm? ; g=9'8 m/s?. i ‘ 
Atmosheric pressure=1°01 x 105 N/m? [Ans. (a) 0 24x 105 N/m?; (b) 1:25 105N/m?] 
A patient’s systolic pressure is 130 mmHg. What is this pressure in SI units? 
Atmospheric pressure is 76cm Hg and density of mercury is 13:6 108 kg m3. 
(Take g=9 8 N/m?). [Ams. 1:73.x.104 N/m?] 
A storage dam is filled upto a height of 250 metre. What is the pressure at the bottom ? 
[Ans. 24'5X 10° N/m?] 
Consider a metallic cube of side 5 cm held in water. The top face of the: cube is at a 
depth of 10 cm below the surface. Calculate : ; E CEA 
(a) The total torce on the upper surface and its direction. Rane 
(b) The total force on the bottom’ surface and its direction. : ; 
(c) The force exerted by the liquid onthis bòdy ánd its direction. 
(d) The tension on the string required to hold it if its mass is 1 kg. © 


(e) The apparent loss in weight : 
[Ans. 245000 dyne (downward) ; 367500 dyne (upward) ; 
122500 dyne (upward) ; 980900 dyne ; 857500 dyne] 


A cubical tank, whose sides are 8 m, is filled with water. Find the force on the bottom 


and on one of the sides. -Density of water is 108 kg/m? and g=0'8 m/sec?. 
[Ams. 5017600 N ; 2508800 N] 
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33 Water is supplied to a house from a reservoir 1000 m above sea level. Find the pressure 


in a pipe at the top of a house 400 m above sea level. [Ams 58°8 x 104 N/m?] 

44. The pressure at a water tap at the base of a building is 3x 106 dyne/cm? and on its top 
it is 16x 106 dyne/cm?. Find the height of the building, {Ans. 1428 m] 

35. Calculate the pressure due to a column of mercury | metre high ; given that density of 
~ mercury is 13°6 X 103 N/m? and g=9°8 m/sec?. [Ans. 133280 N/m?] 

36. Calculate the difference of pressure between two points 1000 m apart lying on the same 
vertical line in fresh water. [Ans. 98 x 105 N/m*] 

37. If the height of a mercury barometer be 76 cm., find the atmospheric pressure in 
dyne;cm? and newton/m?. ‘Ans. 1:013 x 108 dynejcm2, and 1:013 x 105 N/m?] 


38. A dock gate is 15 m wide and the water outside stands at a height of 10 m above the 

bottom of the dock gate. Calculate the force upon the gate. [Ams. 735 x 107 N/m?) 

39. A rectangular tank 6m long, 3m broad, and 2 metre deep is filled with water. 
Calculate the force on the bottom and on each of the sides, 

Ans. 353x105 N ; 5:88x104N; 118x105 N] 


40. (a) Which would exert a greater pressure ; a column of water 20 cm high or a column of 
mercury l'5 cm high ? 


ATMOSPHERIC, 
PRESSURE 


sani x: Fig. 2:51 
(b) Suppose a water manometer (Fig. 2:51) shows a ‘head of water’ of 10cm and the 
atmospheric pressure is 76 cm of mercury, what is the total pressure in cm of water. 
Density of mercury=13-6 g/cm3. [Ans. 10436 cm of water] 
4), In a normal adult at rest the average speed with which the blood flows through the 
aorta, the main artery leading from the heart is 0°33 m/s. 
(a) If the aorta has a cross-sectional radius of about 1-0 cm, how much blood flows per 
second through the aorta ? 
(b) If the total cross-sectional area of all the other arteries fed by the acrta is 
20x 10-4 m?, at what speed does blood’ flow in these arteries ? 
; [Ams. (a) 1010-4 m3/s ; (b) 005 m/s] 
. 42. The amount of water flowing out of a water pipe in 1 min is 0'54 m3. If the pipe has a 
radius of 6'0 cm, what is the average specd of the water flowing in the tube ? 
5 ; [Ans. 0:080 ms-}] 
>rizontal pipe has aconstricted area where the diameter is reduced from 80 to 
5. In the 8:0 cm portion of the pipe the speed of water flow is 2-0 m/s and the 
re is 63% 10° Pa, What is the speed of flow in the 2ʻ0 cm portion of the pipe ? 


j 3e » fAns. 32 m/s] 
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CHAPTER 3 


Waves 


INTRODUCTION 


In class IX, linear motion and circular 
motion were considered. Another common 
type of motion is the to and fro repeating 
movement about a mean position called a 
vibratory motion or an oscillatory motion. 
Examples of oscillatory motion are provided 
by swinging pendulum, a balance wheel of a 
watch, a mass on the end of a vibrating 
spring ; the strings and air columns of musical 
instruments when producing a note. Sound 
waves are transmitted by the oscillation of the 
particles of the medium in which the sound is 
travelling. We also believe that atoms in a solid 
vibrate about their fixed positions, Engineers 
as well as scientists need to know about vibra- 
tions. They can occur in turbines, aircraft ; 
cars ; tall buildings etc. In this chapter, we 
shall study how the cooperative vibratory 
motion of a collection of particles can cause 
continuous disturbance to propagate. We cail 
this disturbance a wave. We shall learn some 
basic characteristics of waves and wave 
propagation. 


3.1. 


Nearly every vibrating body sends outa 
wave. Have you ever stopped to think when 
you are watching television that everything you 
see and hear was transmitted to you from the 
station by waves? The station generated 
electromagnetic waves by. vibrating electrical 
charge in an antenna. Your TV set responded 
to these waves and generated light and: sound 
waves, which then travelled across the room to 
you, 


We know that some mechanism must be 
provided to transport energy from one point 
to another. The place where energy is avail- 
able is often different from the place- where it 
is needed. :A^ more interesting; but more 
complicated;..way of transporting energy 
involves waves, : The basic concept in our use 
of the term wave’is that the wave involves some 
quantity or disturbance. which changes in 
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he k 
magnitude with respect to time ata given” 
location and changes in magnitude from place 
to place at a given time. The common charac- 
teristic of all types of waves is that energy is © 
transferred by the wave without the transport 
of matter. i 


In this chapter we shall leatn the general ~ 
rules about how waves behave. We shall find 
that there are two ‘general types ‘of waves into 
which all mechanical waves can be divided. A 
considerable portion of physics is devoted to 
the study of their behaviour. z 


tt 


Fig. 3.1. 


3.2. WAVE MOTION 


If anyone is asked to produce an everyday 
example of wave motion, almost the only ones 
that come to mind are ripples. running over 
the surface of water or the large scale effects of 


waves at sea (Fig, 3.1). 5 
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by which these ripples have been formed. As 
soon as the stone strikes the surface of water, a 
depression is caused. Pue to elasticity, water 
tries to recover its original level and in doing 
so filis up the depression. Owing to inertia 
and hence kinetic energy of its particles, the 
water overshoots its mean position. This 
results in the formation of an elevation which 
is again followed by a depression and so on. 
Due to cohesion (i.e. force of attraction 
between molecules of water), the neighbouring 
particles are also affected though a little later. 
Thusa wave train of elevations followed by 

is formed. A piece of coik thrown 
on the surface of water will simply toss up and 
when the ripple reaches it. It wouid, 
therefore, be clear to a careful observer that it is 
the disturbance which eventually reaches some 
distant part of the water tank and produces 
physical effects there, even though there is no 
actual transfor of water from the point of 
impact of the stone to the distant point. 


. \-Another easy way to produce wavemotion 
is to tie one end of a rope toa window 
bar or a hook on the If the free end is 
moved up and down, the disturbance will be 
seen to travel along the rope (Fig. 3.2). 


DIRECTION OF DISPLACEMENT 


—- 
DIRECTION OF PROPAGATION 


Fig. 3.2 


Fig. 3.3 
Imagine a system of trolleys linked together 


by springs. The spring attached to the last 
trolley P is pulled (Fig. 3.3) and then released 
immediately. It will be observed that the 
trolley Q will move to the right, followed by 
trolleys Rand S and so on. Thus a disturbance 
started at one end travels to the other end. 

In each of the above mentioned exampics, 
the observer has observed that there is a 
moving disturbance. This moving disturbance 
is a wavemotion Or & wave. 


Wave Motion may, therefore, be defined 
as a form of disturbance which travels through 
an elastic material medium and is due to the 
repeated and periodic motion of the particles of 
the medium about their mean position, the 
motion being handed over from particle to 
particle. 


Let us see, from the above mentioned 
examples, what common features of a wavs 
motion are : A disturbance started at one place 
progressively moves along. That is why such 
awavemotion is also called a progressive 
wavemotion. The progressive movement 
takes place through a medium; for example 
water, rope and springs in the above three 
cases. Notice that although the disturbance 
travels from one region of the medium to 
another, no part of the medium travels very far 
from its mean position. 


Thus for a wavemotion : 

(i) A material and clastic medium is 
necessary. 

(ii) The particles of the medium do not 
travel forward but simply vibrate about their 
Mean positions. 


(iii) A particle of the medium begins to 
vibrate a little later than its preceding particle. 


(iv) The velocity of the wavemotion is 
different from the velocity of the vibrating 
particle of the medium. 


If we are concerned with waves travelling 
in a material substance, a medium composed 
of matter e.g. water, rope, springs, etc., then 
we call these waves as mechanical waves. 


A wave of limited length is called correctly 
a wave train or wave group. It is distinguished 
from a continuous wave, which has neither 
beginning nor end—and is of course a product 
of a physicists’ imagination ! and a pulse which 
does not contain any repeated up-and-down 
motion. A pulse isa wave set up by a single 
disturbance e.g. dropping a stone in a pond; 
sound waves produced by clapping of hands. 


Wave Energy. As a wave train passes 
over the surface of water, it does not carry the 
water with it. This can be seen by placing & 
few pieces of some light material such as cork 
on the surface of water. As the wave passes 
them, they merely bob up and down. The 
wave carries energy setting the water m 
motion—the wave is indeed nothing more than 


the up-and-down of the water, conveyed to 
one patch by the movement behind it, nearer 
to the source, and then passed on to the next 
patch in front, farther away from the source. 
In this way a wave transfers energy without 
transferring matter, This property of waves 
uniquely distinguishes waves from other 
methods by which energy can be transferred. 


A proper understanding of waves is 
essential to anyone investigating communica- 
tion, whether by speech, radio or television ; 
how we see ; how we can make images ; what 
is colour; how musical instruments work ; 
how we navigate ; and even why atoms are as 

are. How is it that waves are so important 
and yet so uncommon in our day-to-day 
experiences. It is because wave-motion serves 
as an important modzl when we try to under- 
stand so many different aspects of the physica! 
world. Light, radio, sound, even electrons in 
some of their properties, behave in the way 
waves behave. We cannot see what it is that 
‘waves’—as we can with the water on the 
surface of alake—but then wecannot see the 
tiny particles which make up a gas. We accept 
models because they provide an explanation of 
what we can observe. 


3.3. EXAMPLES OF WAVE-MOTION 


Most of the wave-motions with which we 
are familiar involve a large-scale co-ordinated 
disturbance of many particles or objects. 
While the individual particles do not move far, 
the disturbance may travel great distances, 
carrying with it energy and momentum. The 
motion of the particles very with the type of 
wave. Some of the examples of wave motion 
are given below. 


(i) Sound wave. In a sound wave, the 
molecules move back and forth, 


(if) A wave ona string. In a wave on a 
string, the parts of the string move up and 
down (Fig. 3.2). 


(iil) Light waves Are also co-ordinated 
disturbances involving changing electric and 
magnetic fields. Here, no particles move, but 
the waves nevertheless carry emergy and 
momentum and the mathematical description 
of these waves is nearly identical to the 
mechanical examples given above. 


(iv) Up and down motion of a weight 
hanging on a spring (Fig. 3.4). 


MEAN POSITION 
Fig. 3.5 


(v) Backward and forward swing of a 4 ue 
pendulum Fig. (3.5). 


(vi) Water wave. In a water wave. he 
water molecules move in small, approximately 
circular paths, 


(vii) When we talk, it is the vibrations cf 
our ‘vocal cord’ inside the throat that produce 
sound wave (Fig. 3.12). 


Sound is produced by making things vibrate 
in a medium (air). When one strikes a drum, 
one can hear the sound, but cne may not be 
able to sce the vibrations of the membrane. 
Similary when one plays on a sable, one can bear 
sound and one may be able to observe the 
vibrations of the membrane by placing a few 
small pieces of cork on it which will be found 
jumping up and down. 
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34. THE RIPPLE TANK 


Since ripples on the surface of water are the 
commonest example of wave motion, we shall 
use them to start our investigation into wave 
behaviour. 


Water-surface waves can be created in a 
number of ways. Dropping a stone on to the 
still surface of a pond can create many of the 
effects we shall look at, but waves on such a 
large stretch of water are not easily controlled. 
Water waves can be made to run over quite 
long distances in a laboratory by confining 
them to a channel, which can be several metres 
long made from plastic guttering. Shorter, 
transparent tanks are also useful for looking at 
the up-and-down motion of a water surface as 
@ wave passes across it. However, neither of 
these lets us look at a wave spreading out into 
the space around it—as it does on a pond. 


To do this, a wider stretch of water is 
required. Usually this is arranged in a labora- 
tory in a ripple tank (Fig. 3.6). 


A tipple tank consists of a shallow tank 


with a glass base Fig. [3.6 (a)] having a light 
bulb above it which projects any water waves 
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produced in the tank on to a white screen (e.g., 
drawing sheet or a piece of hard board painted 
white) lying under the tank on the floor or the 
bench [Fig. 3.6 (6)]. The tank is filled with 
water to a depth of about 1'5 cm. A ripple or 
a pulse in the tank can be produced by dipping 
a finger or a pencil into the water or by 
allowing a water drop to fall into it. Conti- 
nuous pulses or waves of any shape, straight 
or circular are produced in the ripple tank by 
using a vibrator, A small variable speed motor 
can be made to vibrate a thin rod up and down 
to serve as a point source to produce circular 
waves [Fig. 3.6 (d) and Fig. 3.7 (d)]. We can 
also use L-shaped metallic wire with a spherical 
bob to produce circular waves. The motor can 
also be used to vibrate a horizontal straight 
stick so as to produce straight waves 
[Fig. 3.6 (c) and Fig. 3.7 (c)]. 

A shielded lamp is adjusted a little above 
the tank to act as a source of light. Those 
parts of the screen in line with the elevations of 
the water wave produced by an oscillating rod 
are bright, where as parts in line with the 
depressions are dark. The wave is then seen 
on the screen as a series of alternate black and 
white circular bands [Fig. 3.6(d)] centred on the 
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Fig, 3.6 


(a){Ripple Tank 


(c) Periodic straight wave moving across a ripple tank 
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(d) Periodic circular wave gencrated by a point source 
in a ripple tank. The wave moves outward from 
the point of generation in ever-widening circles, 


Fig. 3.7. 


rod. These bands move outwards from the 
rod with the velocity of the wave. Ifthe lamp 
above the tank is switched on and off with the 
same period as the wave, then in- between 
flashes of light one elevation (crest) has just 
enough time to move into the position origi- 
nally occupied by the crest a head of it. The 
bands of light then appear to be stationary. 


The wire gauzes are inserted round- the 
edges of the tank to act as “beaches” and cut 
seg unwanted ripples bouncing back from the 
sides. 


The properties of waves and a number of 
phenomena characterizing waves can be very 
conveniently demonstrated with a ripple tank, 
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Fig. 3.8. A transverse wave on a long spring. 


15. ‘TYPES OF WAVES 


There are two types of wave motion namely. 

(i) Transverse wave motion, and 

(ii) Longitudinal wave motion. 

(i) Tramsverse wavé motion. It is a 
save motion in which every particle of the 
nedium vibrates harmonically about its mean 
vosition in a direction perpendicular to the 
firection of propag- on of the wave. 

Examples are : 

(1) Waves on the water surface. 

(2) Light, heat and electromagnetic waves. 

(3) Vibration of a string under tension in a 
busical instrument e.g., a sitar; a guitar; a 
olin ete, 


(4) Take a long horizontal spring with one 

attached to the wall and the other end held 

in the hand and pulled taut. By moving the 

hand up and down rapidly two or three times, 

a wave can be made to travel along the spring 
as shown in Fig. (3.8). 


One of the coils of the spring P may be 
painted (say green) so that its motion can be 
easily observed. Although the wave travels 
a spring in a horizontal direction, P 

illates up and down on a vertical straight 
line and does not move in a horizontal 
direction. The motion of P is, in fact, simple 
harmonic and the wave is called the transverse 
wave since the oscillatory motion of any part 
of the system, such as P, is at right angles to 
the direction in which the wave is travelling. 


WAVELENGTH ——*J 


Fig. 3.9. Transverse wave 


For transverse waves it is essential that the 
medium should possess inertia, elasticity and 
also cohesion. Transverse waves cannot 
propagated in gases as they do not possess 
cohesion (i.e. force of attraction between the 
molecules of gases). 


Fig. 3.10. A longitudinal 


Transverse wave travels in the form of 
crests and troughs. Crest is the position of 
maximum displacement in the positive direc- 
tion (e.g. B, F, J) i.e. above the line of mean 
position whereas trough is the position of 


maximum displacement in the negative direc- 
POINT REACHED BY FRONT OF WAVE 


wave on a long spring. 
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tion (e.g. D, H) e., below the line of mean 
position as shown in Fig. (3.9). 


(ii) Longitudinal wave motion. It is a 
wave motion in which each particle of the 
medium vibrates harmonically about its mean 
position in the same directian as the direction 
of propagation of the wave, 


Examples are : 


(i) Compressional waves in springs : 


Take a long horizontal spring and oscillate 
its free end backward and forward in a hori- 
zontal direction (Fig. 3.10). The spring remains 
straight, but a wave of alternating compres- 
sions and extensions travels along its length. 
The painted (say green) coi! P performs simple 
harmonic motion in a horizontal direction. 
The oscillatory motion of a part of the system 
is in the same direction that the wave is travel- 
ling and so this is a longitudinal wave. 


Again consider a spring hung vertically and 
loaded by a weight at the lower end (Fig. 3.11). 
When the weight is pulled down and then 
released, the turns of the spring vibrate. up and 
down along the length of the spring and hence 
the disturbance is propagated along the spring 
as a longitudinal wave. When the weight is 
pulled down, it stretches the spring and hence a 
few turns of the spring become extended or the 
distance between them becomes greater than the 
normal separation. Thus a region of rarefaction 
is caused [Fig. 3.11 (5)]. Due to inertia, the 
weight moves to the position higher than its 
normal position of rest (i.e. mean position) 
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Fig. 3.11, 


and this compresses the spring i.e. a few of the 
turns become compressed by coming closer 
together. Thus this state of compression begins 
to move forward along the length of the 
spring. 


It will be noticed that alternate compres- 
sions and rarefactions are formed for some- 
times till the weight comes to rest. 


(2) Sound in air is another example of 
longitudinal wave 


Sound is usually transmitted as a longi- 
tudinal wave in the air. Consider what happens 
when you shout to your friend across a lake. 
Air is expelled from your lungs through your 
windpipe, past two elastic membranes, known 
as vocal cords, inside the windpipe (Fig. 3.12). 
The flow of air past the vocal cords causes 
them to vibrate, and the size of the opening, 
between them varies periodically. The air is 
consequently expelled in puffs that follow one 
another in rapid succession. These puffs of air 
donot travel all the way across the lake to 
your friend’s ear. As a puff emerges it increases 
the pressure of the air in the immediate vicinity 
of the mouth. In between puffs the molecules 
of air near the mouth move further apart to 
relieve the excess pressure, but they collide 
with neighbouring molecules and force them 
closer together so that a region of high 
pressure and density is created a little farther 
from the mouth. In fact the process continues 
and the region of bigh pressure moves out- 
ward from the mout! with the speed of sound. 
Each puff creates such a region of high pressure 
moving outward. The sound wave therefore 
consists of a train of high pressure regions 
(compressions) following one another in rapid 
succession separated by regions of lower 
pressure (rarefactions) (Fig. 3.12). The 
individual molecules do not travel with the 
high pressure regions: they merely oscillate 
backward and forward parallel to the direction 
in which the sound is travelling. Rather it is 
energy in the form of an impulse that passes 
from one section of the air to the next. 


Let us consider how sound waves produced 
bya tuning fork propagate through the air. 
As you strike a tuning fork against a rubber 
pad, its prongs start vibrating: Consider say 
one prong A. Atan instant when the prong 
A moves outwards, it pushes the air infront of 
it (Fig. 3.13) creating a crowded section of the 
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Fig. 3.12. Sound wave in air 


air particles, The pari pushes the air next to 
itself a little further and soon. This crowded 
section is called a compression. As the vibrat- 
ing prong A moves to the otherside, it creates 
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Fig. 3.13. Vibrating tuning fork 

a region where the air is rarer. This section is 
called a rarefaction. The vibrating tuning fork 
keeps producing alternate compressions and 
rarefactions, which move out. This moving 
pattern of alternate compressions and rare- 
factions is the sound wave. The behaviour of 
molecules of air is similar to the behaviour of 
the coils of the spring in Fig. (3.10). 

Longitudinal waves travel in the form of 


compressions (or condensations) and rare- 
factions (Fig. 3.14). Compression. is-a region 
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Fig. 3.14. 


of greater density i.e. the region in which the 
particles of the medium come nearer together 
than their normal. separation whereas rarefac- 
tion is a region of smaller density .of the 
medium ie. the region in which the particle, 
of the medium are farther. than their normal 
separation. 


In a longitudinal wave, due to alternate 
compressions and rarefactions, the volume of ` 
the region of the medium is altered and as such 
volume elasticity is involved in the process. 
ITence for longitudinal waves, the medium 
should possess inertia and elasticity only. That 
is why this typeof wave motion is possible in 
all the type of media i.e., solids, liquids and 
gases. 


3.6 GRAPHICAL REPRESENTATION OF 
A WAVE 


It is very useful to learn to represent a 
wave graphically. 

Let us first take the case of a longitudinal 
wave. Particles in the region of compression 
are in the process of moving forward in the 
direction of the wave whereas the particles 
in the region of rarefaction are in the process 
of moving backward. If the forward dis- 
placements are represented by positive ordinate 
above the straight line and the backward 
displacements by negative ordinates below 
that line, the join of the ends of the ordinates 
will represent the displacement-time curve 
(Fig. 3°15). This curve is known as sine (or 
cosine) curve. Imagine that there are 13 
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particles of an inertial and elastic medium. 
Before the arrival of a longitudinal wave from 
left, they are equidistant from each other. 
Their relative positions are shown by 1, 2, 3... 
etc. (Fig. 3.15). When a longitudinal wave 
arrives from left, the particles are disturbed 
from their mean positions. After one time 
period their positions are shown by 1’, 2’, 3’... 
etc. Representing the displacements to the 
right by positive ordinates, those to the left 
by negative ordinates and joining their extre- 
mities 1°, 2", 3", ... etc., we get the required 
displacement-time curve. For a longitudinal 
wave, we can also get a similar curve by 
plotting the density of air (or medium) at any 
instant as a function of distance from the 
source (Fig. 3.16). 


Fig. 3-16. Density-distance graph for a 
longitudinal wave 


For the transverse wave, we plot at any 

instant of time, the displacement of different 
icles from the equilibrium position. We 
in get a curve similar to the one shown in 
, (3.15) or Fig. (3.16). 


3.7. PERIODIC WAVES 


So far we have examined the effect of a 
single, non recurring wave disturbance. Now 
let us consider what happens if similar distur- 
bances are repeated periodically. Regular, 
rhythmic disturbances resulting from continu- 
ing periodic vibrations are called 
wares. For example consider a weight sus- 
pended from a vertical spring [Fig. 3.17 (a)}. 
If it is allowed to stand for sometime without 
disturbance, the weight will come to some 
steady (or mean or equilibrium) position. If 
the weight is pulled down slightly and then 
released, it will start oscillating [Fig. (3.17 (b)). 
Such a motion is periodic. That is, the t 
repeats its motion once every certain time 
interval. The vibrating weight acts as a 
source of periodic disturbances. The maxi- 
mum displacement of the centre of the vibra- 
ting weight on either side of its mean or equi- 
librium position is called the amplitude of 
vibration and is usually denoted by A 
[Fig. 3°17 o The positions of the vibrating 
weight at different times are shown in Fig. 
(3°17 (b) i, ii, iii, iv, v, vi). When released 
from the position of its maximum downward 
displacement (Fig 3.17 (b)—/), it begins to 
move up, passes through the equilibrium posi- 
tion (Fig. 3.17 (6)}—ii), and continues to move 
up due to inertia. The upward motion stops 
when the displacement from the equilibrium 
position becomes equal to A (Fig. 3.17 (b)—ili). 
The weight will now start moving down again, 
passes through the equilibrium or mean posi- 
tion (Fig 3.17 (6)—iv) and stops when the down- 
ward displacement is A again [Fig. 3.17(5)—»)]. 
pie motion will go on repeating if there is no 
riction. 


i 


©) 
Fig. 3.17. One vibration of a vibrating weight 


When the weight starting from the maxi- 
mum downward dis; (Fig. 3:7 (b)—i), 
goes up and comes back to the same position 
(Fig. "7 (b)—v), we say that the vibrating 

ight has completed one vibration. One can 
define one vibration with to any 
polat pe tho motion and aig the 
point of maximum displacement. general, 
pil define one vibration (or oscillation) as 

WS : 


Whenever a vibrating particle moves from 
its equilibrium position to one of its exireme 
positions, then to the other extreme position 
and back to its equilibrium position, we say 


that the vibrat: icle has completed 

vibration (or J lation). aa 
Thus when the vi in [Fig. 3°17 

(b) panes thecagl rege tr anh (or 

any reference point) twice travelling in the 

same direction, we say that one vibration or 

one oscillation has been completed. 
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In Fig. (3:18) we have plotted th 


curve), We always get such of curves 

we vibra ies. From 
Fig. (3-18), it is to see that one vibration 
is completed in of the following : 
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per second is 
and is denoted by v 
(Greek letter nu). 


Time period (T) 
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Fig. 3'18. Displacement-time curve of a vibrating weight 


or = E 
T 


This is a very important relation. Time 
period (T) is measured in seconds. The S.I. 
unit of frequency (v) is the hertz (Hz), One 
hertz is equivalent to the expression “one 
cycle per second or one vibration per second”, 
For example, a wave generated at 60 cycles per 
second has a frequency of 60 Hz which is 
expressed as 


v=60 cycles per second =60 Hz=60/s 


Suppose we attach the left end of a long 
siting to a weight suspended by a spring 
(Fig. 3.19). Assume that the weight can 
move up and down without friction. As the 
weight moves up and down, a periodic trans- 
verse wave travels to the right along the length 
of the string (Fig. 3.19). If we consider any 
part of the string, it oscillates up and down 
while the wave travels to the right, in the form 
of crésts and troughs which replace one 
apother. Asa periodic wave travels through 
a medium (string), the particles of the medium 
(string) vibrate about their equilibrium posi- 
tions in identical fashion. However, the 
particles are in corresponding positions of 
their vibratory motion at different times. The 
position and motion of a particle indicate the 
phase of the wave. Particles of the medium 
which have the same displacements and velo- 
cities and are moving in the same direction are 
said to be in phase. Particles O and S; P 
and T; Rand N ; B and D (Fig. 3°19) are in 
phase. Those with opposite displacements and 


velocities and moving in opposite direction 


(particles O and Q ; P and R) are in opposite 
phase or out of phase oF 180° out of 


phase. 


The distance between two consecutive crests 
or two consecutive troughs along a wave is 
defined as the wavelength and is usually 
denoted by the Greek letter A called lambda. 
In Fig. (3.19), the distance RN or PT gives the 
wave length. It is also defined as the distance 
between two consecutive vibrating particles 
which are inthe same phase. One crest and 
one trough also constitute one wave length. It 
is also defined as the distance travelled by the 
disturbance (wave motion) in the time in which 
the particle of the medium completes one 
vibration. 


From Fig. (3.19) it is clear that the points 
separated by distances A, 2A, 3A, .-, are all in 
phase whereas the points separated by distances 
À BA-ON 

ee er ne are all out of phase. 

The amplitude (4) of the wave is the same 
as the amplitude of the oscillating source [i.e., 
oscillating weight in Fig. (3.19)]. As the wave 
moves forward, each point oscillates with the 
frequency of the source. 


An advancing wave has a finite speed, v, for 
a given transmitting medium. Wave speed 
may be quite slow, as that of water waves. It 
may be moderately fast, as that of sound waves 
jn water at room temperature which travel with 
speeds of the order of 102—103 ms. It may 
be speed of light. or radio-waves 3X108 ms“, 
The speed of a wave depends primarily on the 
nature of the wave disturbance and on the 
medium through which it passes. Wave speed 


TROUGH 
Fig. 3.19. A wave travelling along a stringfastened to an oscillating weight 
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may also depend on wave-length in certain 
media. 


An interesting aspect of a surface wave on 
a liquid is that its speed of propagation 
depends on its wave-length. The shorter the 
wavelength, the higher is the wave-speed. A 
strong steady wind may produce surface waves 
of very long wavelength. In this case also, the 
longer the wavelength, the higher is the wave- 
speed, Here the wave-speed is governed by 
gravity which provides a restoring force and 
such waves are called gravity waves. 


When the speed of a wave depends on its 
wave-length (or fiequency) we say the trans- 
mitting medium is dispersive. 

Since a wave-travels the distance À in the 
time T for a complete vibration of the source, 
its speed (v) is given by the expression 


distance 


Speed=— Time 


_ wavelength 
~~ time-period 


or v= 


But where v is the frequency. 


y= 


A 
T 
a 
T 
A 


or v=vA 


This shows how fast does a disturbance in a 
medium travel. This important equation. Is 
true for all periodic waves, whether transverse 
or longitudinal, no matter what the medium is. 


As we have shown, the speed of any perio- 
dic wave in a medium is equal to the product 
of its frequency and wave-length. Note that 
the speed of the wave and the speed with which 
any part of the medium oscillates are not at all 
related. For one thing the speed of a wave 
of a given frequency ina medium is constant, 
whereas the ‘speed° of any one part of the 
medium is constantly changing as it oscillates. 
The speed is maximum for that part of the 
medium which is close to its mean position 
and zero at the extremes of oscillations. 


In all forms of travelling waves, energy is 
transmitted from one point to another, The 
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rate of transfer of energy or the power trans- 
mitted by a wave is proportional to the square 
of the wave amplitude and the square of the 
wave frequency. 


To discuss other properties of waves we will 
choose examples where the property is most 
easily visualized. Hence sometimes we will 
consider propagation of waves in a string and 
at other times on water surface, 


3.8. THE SUPERPOSITION OF WAVES 


We have described the passage of a single 
pulse and a continuous wave through a medium, 
What happens when waves meet? Is their 
motion changed as it is when solid objects 
collide? It is possible for two or more wave 
disturbances to move through a medium at the 
same time. Sound waves from all the musical 
instruments of an orchestra move simulta- 
neously through the air to our ears. Electro- 
magnetic waves from many different radio and 
television stations travel simultaneously through 
regions of space to our receiving antennas. 
Nevertheless, we can listen to the sound of a 
particular musical instrument, or selecta parti- 
cular radio or television station. These facts 
suggest that each wave system proceeds inde- 
pendently along its pathway as if the other 
wave systems were not present. 


Let us consider the effects of two periodic 
transverse waves travelling along a taut string 
in the same direction. The displacements they 
produce ata particular instant are shown in 
Fig. (3.20). These two waves have different 
amplitudes and frequencies. The displacements 
yı produced by one wave are represented by 
the solid curve. The displacements. ya, pro- 
duced by the other wave are represented by 
the dashed curve. The resultant displacements 
y all along the string at this instant are repre- 
sented by the thick solid curve. The resultant 
displacements are determined by adding 
(algebraically) the displacements yı and ye for 
every point along the string. 


In effect, the displacement of any particle 
of the medium by one wave at any instant. is 
superimposed. on the displacement of that 
particle by the other wave at that instant, The 
action of each wave on a particle is, indepen- 
dent of the action of the other, and the particle 
displacement is the resultant of both wave 
actions... This. phenomenon is: known as 
superposition, The. two waves are said to 
super pose. } : 
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Fig. 3.20. An instantaneous view of the superposition of two periodic transverse waves of different amplitude 
frequency. The component waves y, and y, are shown in black ; the resultant wave Y is thick. 


The su, sition principal. When two 
or more sets of waves pass through and cross one 
another in the same medium they behave as if the 
other wave were not present, that is, the effects 
produced by one are totally independent of the 
effects due to the other. The resultant displuce- 
ment, at any instant, of a particle depends upon 
the phase difference between the waves and is the 
vector sum of the displacements it would have at 
the same instant due to each separate set. 


If y1, Y2, Ya, -.. are the displacement vectors 
due to the waves 1, 2, 3, ... acting separately, 


then, according to the principle of superposi- 
tion, the resultant displacement (y) caused, 
when all the waves act together, is g by the 
vector sum 
y= tyatyet...... 

For simplicity, we shall deal only with cases 

where two waves superpose. Then 
| y=yitya | 


The principle of superposition can be used 
to explain many wave effects. This principle 
holds for light and all other electromagnetic 
waves as well as for sound waves and waves on 
a string or on a liquid surface, provided the 
displacements are small. For example, it. does 
not hold for shock waves produced by violent 
explosions, 


3.9. INTERFERENCE 


With a single source of disturbance, the dis- 
tribution of energy in the surrounding medium 
is uniform but when there are two adjacent 
ources giving out continuous waves of the 


same wavelength and amplitude and having the 
same phase or a constant difference in phase, 
the distribution of energy is no longer uniform. 
At some points where the crest (or condensa- 
tion) of one wave falls upon the trough (or 
rarefaction) of the other and vice versa, the 
resultant amplitude is reduced to zero and the 
energy is minimum. While at other points 
where the crest (or condensation) of one wave 
falls upon the crest (or condensation) of. the 
other or trough (or rarefaction) of one falls 
upon the trough (or rarefaction) of the other, 
the resultant amplitude is increased and the 
energy becomes maximum. This modification 
in the distribution of energy obtained by the 
Superposition of two or more waves travelling 
simultaneously in the same medium is called 
interference. 


The general term interference is used to 
describe the effects produced by two or 
more waves which superpose while pass- 
ing through a given region. Special consi- 
deration is given to waves of the same frequ- 
ency, particularly in the case of sound and 
light. Interference phenomena are exclusively 
associated with waves, 


Let us consider two waves of the same 
frequency transversing the same medium 
simultaneously. Each particle of the medium 
is affected by both waves. Suppose the displace- 
ment of a particular particle caused by one 
wave at any instant is in the same direction as 
that caused by the other wave. Then the total 
displacement of that particle at that instant is 
the sum of the separate displacements (super- 
position principle). The resultant displacement 
is greater than either wave would have caused 


separately. This effect is called constructive 


interference. 


On the other hand, if the displacement 
effects of the two waves on the particle are in 
opposite directions, they tend to cancel one 
another, The resultant displacement of that 
particle at that instant is the difference of the 
two separate displacements and is in the direc- 
tion of the larger (superposition principle). The 
resultant displacement of the particle is less 
than one of the waves would have caused 
separately. This effect is called destructive 
interference. If two such opposite displacement 
effects are equal in magnitude, the resultant 
displacement is zero, The destructive inter- 
ference is complete. Ihe particle is not dis- 
placed at all, but is in its equilibrium position 
at that instant. 


Notice that we have been considering the 
effect of two waves on the position of just one 
particle of the medium at one particular 
instant. We shall continue to fix our attention 
on one instant in time, as we consider the 
displacements of many different particles of the 
medium in which the two waves are propaga- 
ting. We find that the interference effects on 
different particles are different, There is cons- 
tructive interference at some locations and 
destructive interference at others. 


Fig. 3.21. Interference “of two periodic waves of 
the same frequency and travelling in the same 
direction. The component waves are in continuous 
and dashed curves, the resu‘tant wave is In thick 
curve (A) and (B) and thin straight Jine in (C) ; 


(A) Constructive interference. (B) Destructive 

interference. (C) Complete destructive interference. 

In Fig. 3.2! (A) two periodic waves with 
the same frequency and in phase are travelling 
in the same direction. They interfere construc- 


wn 


tively. The resultant periodic wave (shown by 
thick curve) has the same frequency as the 
component waves but has an amplitude equal 
to the sum of the component amplitudes. 


In Fig. 3.21 (B) the two periodic waves have 
the same frequency but are opposite in phase 
(180° out of phase). The displacements of the 
waves are opposite in sign and they interfere 
destructively. The amplitudes of the two waves 
are equal to Fig. 3.21 (C) and the destructive 
interference is complete. 


The arrangement of interference effects 
(called an interference pattern) depends on the 
relative characteristics of interfering waves. 
Figure 3.22 isa photograph of an interference 
pattern produced in a ripple tank by two 
identical circular waves emanating from two 
points. The two waves arein phase at their 
sources, That is, the two probes which 
generate the waves by their vibrations are 
moving up and down together. 


A diagram of this interference pattern is 
shown in Fig, 323 Points A and B are the 
sources of two periodic circular waves of the 
same frequency and amplitude, The sources 
are acting in phase. Solid circular lines 
represent wave troughs, 
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Fig. 3.22 A ‘photograph of the interference 
pattern of waves from two point sources, Locate 
the nodal and antinodal lines. 


At each point similar to those marked € 
the crest of a wave from one source is super- 
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Fig. 3.23. A diagram of the interference pattern of two periodic circular waves of the same frequency 
emanating in phase from points A and B. 


posed with the crest of a wave from the other 
source. At points similar to C’ the troughs are 
superposed. A half period later the crests are 
at C’ and the troughs are at C. Constructive 
interference occurs along the lines CC’ giving 
the resultant wave an amplitude twice the 
amplitudes of the individual waves. 


Ateach point similar to those marked D 
the crest of a wave from one source is super- 
posed with the trough of a wave from the 
other source. Destructive interference occurs 
along the lines DD’, displacements being 
reduced to zero, 


Points of zero displacement in the inter- 
ference pattern are called nodes. The lines DD’ 
along which they occur are nodal lines. 
Similarly, points of maximum displacement are 
called antinodes (or loops) and the lines CC’ 
along which they occur are antinodal lines. 
Observe these nodal and antinodal regions in 
the photograph of the interference pattern 
shown in Fig. 3.22. 


At any nodal point where the destructive 
interference is complete, there is no motion of 
of the medium and no energy. This does not 


mean that the energy of the two interfering 
waves has been destroyed or otherwise lost. 
Instead, it appears at points of constructive 
interference such as points C in (Fig. 3.23). The 
total energy of the two wave systems remains 
unchanged, but the energy distribution resulting 
from the interference is different. 


A tuning fork provides a good example of 
interference in sound (Fig. 3.24). Takea 
tuning fork and sound it by hitting any one 
prong on a rubber pad. Hold it vertically near 
your ear. Now turn the handle so that the 
tuning fork rotates about its length When 
the prongs move apart, compressions are 
started outside 4 and B [Fig. 3.24 (b)] while 
a rarefaction is left at C. The waves from 4 
and B are in phase with one another but 
always half a cycle out of phase with those 
from C. Hence, the four dotted lines are the 
loci of points at which waves from C and 
those from A or B arrive exactly out of phase 
—compression superposed on rarefaction— 
and so counteract one another (destructive 
interference). When one rotates a vibrating 
tuning fork close to the ear, four alterations of 
loud and feeble sound are heard during one 
revolution, 


be (b) 


Interference of sound waves by a 
rotating tuning fork. 


3.10. REFLECTION 


Familiar examples of reflection are tae 
sound echoes that retura from a distant wall, 
the reflection of light from a mirror, and the 
reflection of waves from the edge ofa pool. 
Our image as seen ina micro: appzars to be 
reversed, right for left. The crest of a water 
wave is reflected from the pool side as a crest 
travelling in a different directioa. The echo of 
a sound retains the character of the original 
sound, 


About the only inference we can draw from 
these casual observations is that a wave is 
turned back or reflected, when it encounters a 
barrier that is the boundary of the medium in 


Fig. 3.24. 


which the wave is travelling. This property of 


the bouncing of the waves is called reflection. 


Suppose we generate straight waves in the 
ripple tank with a straight barrier placed across 
the tray parallel to the advancing crests. (If we 
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dip a ruler or any straight edge half-way io 
water and push it quickly back and forth, wo 
will produce a wave in which both crests snd , 
troughs lie along straight lines. These waves 
are called plane waves or straight waves, If we 
draw lines perpendicular to the crests of {hy 
waves, then these lines are called rays, They 
are very helpful in describing the behaviour © 
waves). When the straight wave reaches tho 
barrier, it is reflected back in the direction 
from which it came. No disturbance appears 
in the water behind the barrier. The paths of 
the incident pulse (approaching the barrier) 
and the reflected pulse lie perpendicular to the 
surface of the barrier. 


The angle formed by the path of incidence 
(i.e. incident ray) and the perpendicular 
(normal) to the reflecting surface at the point 
of incidence is called the angle of incidence, i. 
The angle formed by the path of reflection (i.e. 
reflected ray) and the normal is the angle of 
reflection, r. In this instance, both the angle 
of incidence and the angle of reflection are 0° 
and i=r. Certainly i and r equal 0° only 
when the incident wave approaches the barrier 
along a line perpendicular to it. We may then 
ask whether the equality between i and r is 
coincidental in this situation, or is character- 
istic of reflection in general. To investigate 
the relationship of i and r further, we need to 


Fig 3.25 Reflection of a periodic straight wave 


from a diagonal barrier, The left portion of 
each wave crest has already been reflected toward 


the right. 


change the position of the barrier so that it is 
no longer parallel to the straight waves and 
then send more straight waves against it. A 
photograph of a periodic straight wave reflect- 


BARRIER BARRIER BARRIER’ BARRIER 
(a) (b) (c) (d) 
Fig. 3.26 


ed froma diagonally placed barrier is shown 
in Fig. 3.25. 


In the sketches in Fig. 3,26 are shown the 
various stages of incident and reflected crests. 
Let us draw rays for cases (a) and (d) of Fig. 
(3.26). These are redrawn as Fig. (3.27) and 
Fig. (3.28). Let the incident ray meet the reflec- 
ting surface at 0. Draw a normal to the surface 
atO. It has been experimentally found that 
the angle between the incident ray and the 
normal i.e., angle of incidence i is equal to the 
angle of reflection, r i.e. the angle between the 

ed ray and the normal. This can easily 
be established in the laboratory by performing 
an experiment with light waves reflected from 
a plane surface. 
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Fig. 3.27 


The reflection of a cireular wave from a 
straight barrier is shown in Fig (3.29). Each 
segment of the expanding circular wave reflec- 
ted from the barrier surface rebounds according 
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Fig. 3.29. A circular wave generated at the center 
of the photograph is reflected froma straight barrier 


to the law of reflection i.e. i=r. Observe that 
the reflected portions of the wave crests are 
arcs of circles. The apparent centre (I) of these 
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Fig. 3.30. O-centre of disturbance I--apparent 
centre of reflected disturbance i.e. the image of o. 
reflected wave crests is as far behind the reflec- 
ting surface as the real centre of disturbance 

(0) is in front of it Fig. 3.30. 


Reflection may be partial 
pending on the severity of the change at the 
reflecting boundary. Suppose we send a 
transverse pulse travelling along a stretched 


or complete, de- 


Reflection of a pulse at the “free” end 


Fig. 3.31. 
of a taut string. The string is shown terminated in a 
frictionless ring which allows the end segment un- 
restrained displacement in the plane of the pulse. 
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string the far end of which is free (Fig 3.31). 
After arriving at the free end of the string, the 
pulse is reflected as shown in Fig (3.31). ob- 
serve that it has not been inverted. Displace- 
ment of the particles of the string is in the 
same direction as that of the incident pulse. 
Reflection at the free-end termination of a 
medium occurs without a change in phase. 


Now suppose we clamp the far end of a 
string in a fixed position and send a transverse 
pulse toward this termination (Fig 3.32.) When 
the pulse arrives at the fixed end, it applies an 
upward force to the clamp. An equal and 
opposite reaction force is applied to the string 
generating a reflected pulse which is inverted 
with respect to the incident pulse. Reflection 
at the fixed termination of a medium occurs 
with a phase shift of 180°. In general we may 
conclude that a boundary which restrains the 
displacement of the particles of ameduim reflects 
waves inverted in phase, 


ome 


ee 


Fig. 3.32. Reflection of a pulse at the clamped 
end of a taut string. The string is termined in a fixed 
position and displacement of the end segment is 
restrained. 


3.11 STANDING WAVES 


We found in’ Section 3.10 that a transverse 
pulse traveling on a taut string is inverted 
when reflected at the clamped end. So it is 
with a train of transverse waves. If no energy 
is lost in reflection at the fixed end, a-contin- 
uous wave will be reflected back upon itself 
giving two wave trains of the same wavelength, 
frequency, and amplitude but travelling in 
opposite directions. 


Portions of two such wave trains are shown 
ata certain instant in time in (A) and (B) of 
Fig. 3.33. If their displacements are added at 


Fig. 3.33. Standing wave produced by the interference 
of two periodic waves of the same frequency and 
amplitude travelling in opposite directions. 


at this instant, as in (C), the resultant displace- 
ment is zero. When the wave patterns have 
moved } wavelength, each in its own direction 
of travel, superposition gives the resultant 


shown in (D). Another } wavelength of move- 
Ment gives the resultant in (E), and an addi- 
tional movement of 4 wavelength gives the 
resultant displacement in (F). Such a wave 
pattern is a standing wave or a stationary wave. 
The particles in a standing wave vibrate in 
simple harmonic motion with the same frequ- 
ency as each of the component waves. The 
amplitude of their motion is not the same for 
all points along the string. It varies from a 
minimum of zero amplitude at scale positions 
4A, 2A FA, ZA, etc, to a maximum of twice 
the amplitude of one component wave at 
OA, $A, 1A, 2A, etc. 


In the displacement shown in Fig. 3.33 (F), 
the motions of all the particles between 0\ and 
4A are exectly in phase with one another and 
with the motion of particles between $A and 
$A. They are 180° out of phase with the 
motion of particles between $4 and $A and 
those between $\ and 4. When particles in a 
length of string equal to one-half wavelength 
are going up, the particles in the immediately 
adjacent parts of the string are going down. 


Certain parts ofa string vibrating witha 
standing wave pattern never move from their 
equilibrium positions. These parts are the 
nodes. Halfway between the nodes, where the 
amplitude of vibration is maximum, are the 
antinodes. The wavelength of the component 
periodic transverse waves which produce the 
standing wave is twice the distance between 
adjacent nodes or antinodes in a standing 
wave, 


A standing wave is produced by the interfer- 
ence of two periodic waves of the same ampli- 
tude and wavelength travelling in opposite direc- 
tions. No standing wave can be produced if the 
two waves have different wavelengths. 


When a stretched string is clamped at both 
ends, a standing wave pattern can be formed 
only for certain definite wavelength. In such a 
vibrating string both ends must be nodes. Four 
possible standing wave patterns in a stretched 
string are shown in Fig. 3.34 Antinodes are 
indicated by the letter A and nodes by the 
letter N. The wavelength A for each standing 
wave is expressed in terms of the length of the 
string, l Part (i) is a time-exposure view show- 
ing the envelopes of the standing waves. Part 
(ii) shows the positions of the strings at 
different instants of time, 


In a standing waves, particles of the string 


at the nodes are continuously at rest. Energy is- 


transported along the string, but remains 
“standing” in the string. The energy of each 
particle remains constant as that particle 
executes its simple harmonic motion. When 
the string is straight ‘undistorted), particles have 
their maximum velocities and the energy is all 
kinetic. The energy is ali potential when the 
string has its maximum displacement and all 
particles are momentarily at rest. 


Standing waves are establisn¢d in water in 
air, or in other elastic bodie. just as they are 
in taut strings. Standing waves can also be 
produced with electromagnetic waves. A 
standing wave pattern can occur in a circular 
ripple tank in which a periodic circular wave 
is generated at the center of the tank. Nodal 
rings appear where the surface of the water is 
at rest. The surface oscillates up and down 
between the nodal rings. Many vibrating 
objects vibrate normally ina way that esta- 
blishes standing waves in the object. The 
strings or the air columns of musical instru- 
ments (e.g. guitar, violin etc.) establish various 
modes of standing waves. 


Since shorter wave lengths correspond to 
higher frequencies (v=vA) the standing waves 
of only certain frequencies can be set up. If 
vo is the lowest possible frequency ( fundamen- 
tal frequency) of the standing wave, the other 
possible standing waves that can be setup will 
have frequencies 2vo 3vg,--.--- These higher 
frequencies are called overtones or harmonic 
of the fundamental frequency vo. 
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3.12 POLARIZATION IN WAVES . 


The phenomenon according to which th 
wave oscillations are restricted to a particular 
plane is called polarization. A wave having 
oscillations in all possibles directions is said tc 
be unpolarised. When all the oscillations of a 
wave get confined along one direction, the 
wave is called plane polarized e.g., electroma- 
genetic waves from radio, television and radar 
aerials are plane polarized. 


Consider a string with its one end A held 
in the hand and the other tied to a hook Bin 
a wall after passing through two rectangular 
slits made in the screens Sı and So (Fig. 3.35). 
Let the end A be jerked in all sorts of direc- 
tions perpendicular to the length of the string 
so as to produce transverse waves in it. The 
first slit S4 will permit only such vibrations to 
pass though it which are parallel to it and 
obstruct all other vibrations. If the second slit 
Sq is held paralled to the slit Sı [Fig 3.35 (a)] 
the vibrations passing through S, will also 
pass through S2. But if the slit Sp is held 
perpendicular to the slit S} as shown in Fig. 
3.35 (b) the vibrations passing through Sı will 
be refused transmission through Sz so that the 
part S2 B of the string will remain undisturbed. 


If the string is replaced by a coiled spring 
and given longitudinal vibrations of compres- 
sion and rarefaction, they shall not be blocked 
by the slits irrespective of their direction but 
would pass through both of them undisturbed. 


Fig. 3.34. Standing waves in stretched string 
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Fig. 3.35 


Thus these are transverse vibrations which 
are obstructed by the slit (except those which 
are parallel to its length) and not longitudinal 
vibrations. Thus such an experiment on polari- 
zation of waves clearly distinguishes a trans- 
verse wave from a longitudinal wave. In other 
words, polarization of a wave is a property 
which distinguished the behaviour of a trans- 
verse wave from that of a longitudinal wave 


We come-across an exactly similar situation 
when light is made to pass through certain 
crystals like that of tourmaline or quartz, This 
establishes the fact that light waves are trans- 
verve wases. 


The device which produces the polarization 
(like the first slit, or the first tourmaline 
crystal) is called the polarizer. Since neither 
boo eye nor a photographic film can 

erentiate between polarized and unpolarized 
wave, the polarization is observed by means of 
a second slit S2 (or second tourmaline crystal) 
known as the analyzer. When the axes of the 
ppiarizer and analyzer are at right angles to 
each other, no wave is allowed to pass. 


3.13. DIFFRACTION 


Sounds can be heard even though they may 
originate around the corner of a building. The 
source of the sound disturbance cannot be seen 
around the corner, however. Rectilinear pro- 


pagation appears to hold in this situation for 
light but not for sound. The building is an 
obstruction which prevents the straight-line 
transmission of light from the source of the 
sound disturbance to the observer. 


Perhaps, where sound waves are concerned, 
the corner of the building creates a disconti- 
nuity in the transmitting medium which causes 
the waves to spread. Even if we find support 
for this idea, the question of the different be- 
havior of light remains to be answered. 


We will again use the ripple tank to ob- 
serve wave behavior, this time with obstruc- 
tions inserted into the transmitting medium. 
This may be done by placing two straight 
barriers across the tray on a line parallel to 
the straight wave generator. An opening 
(called an aperture) is left between them 
approximately equal to the wavelength of the 
wave to be used. When a periodic straight 
wave is sent out, the wave pattern beyond the 
barrier opening appears as shown in Fig. 3.36. 
As a segment of each wave crest passes through 
the aperture, it clearly spreads into the region 
beyond the barriers. This spreading of a wave 
disturbance beyond the edge of a barrier is 
called diffraction. The phenomenon of 
diffraction is shared by all types of waves. 


Sound Waves spread around the edges of 
doorways in the same way water waves spread 


ditto OBOE Ere: 
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Fig. 3'36. The diffraction of a periodic 
straight wave as it passes thro 
a small aperture. 
around the edges of obstructions. Audible 
sounds have wavelengths in air ranging from a 
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few centimeters to several meters, The door- 
way of a room or building has dimensions 
within this range. This suggests, but does 
not prove, that a discontinuity such as an 
aperture in the path of an advancing wave 
will diffract the wave if its dimensions are 
comparable to the wavelength of the oncoming 
wave. 


We produced the diffraction pattern in the 
ripple tank with a barrier aperture approxi- 
mately the same width as the wavelength of the 
surface wave used. Suppose we shorten the 
wavelength by increasing the frequency of the 
wave generator stepwise and observe a series of 
patterns with waves of decreasing wavelengths, 
the spreading of the wave at the edges of 
the aperture diminishes as the wavelength of 
the wave sent against them is shortened. When 
the wavelength is a small fraction of the width 
of the opening between the barriers, the wave 
segments passing through show little tendency 


Fig. 3.37. Photographs showing the effect of the width of the slit on the diffraction pattern. 
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to spread into the shadow regions beyond the 
barriers. These observations suggest that if 
the wavelength is very much smaller than the 
width of the aperture there will be no diffrac- 
tion. The part of the straight wave that passes 
through the opening will continue in straight- 
line propagation. 


How are these observations related to the 
fact that light is not diffracted at the edges of 
a doorway as is sound. ‘he speed of light in 
air is high, being of the order of 3x108 m/s. 
We have not yet dealt with light frequencies, 
but if they were extremely high, light wave- 
lengths (v/v) would be very short. Then it 
would not be surprising to find that light is 
diffracted only by apertures having very small 
dimensions, 


Indeed, the wavelength of visible light 
ranges from approximately 7°5 x 1077 m down 
to about 4x107 m. This range of wave- 
lengths suggests that the diffraction of light 
occurs in the realm of extremely small dimen- 
sions. 


If we allow plane water waves to pass 
through slits of varying widths, we get the 
patterns as shown in the series of photo- 
graphs in Fig. (3:37). It is clear from these 
photographs that as the width of the slit is 
reduced, the diffraction pattern spreads out 
farther and when the width of the slit is very 
narrow, the pattern of the diffracted wave is 
nearly the same as that arising from a point 
source. 


Hence the following two features of the 
diffraction pattern deserve special emphasis : 


(1) The spread of the diffraction pattern is 
proportional to the wavelength. 


(2) The spread of the diffraction pattern is 
inversely proportional to the width of the slit. 


3.14, REFRACTION 


The properties of the medium through 
which a certain wave disturbance moves deter- 
mine the propagation speed of that distur- 
bance. It is not surprising, therefore, to find 
that travelling waves passing from one medium 
into another experience a change in speed at 
the boundary of the two media. 


From the wave equation, y=vA, we see 
that the wavelength A for a wave disturbance 
ofa given frequency v is a function of its 


speed v in the medium through which it is 
propagating. If the speed decreases when the 
wave enters a second medium, the wavelength 
is shortened proportionately. If the speed in- 
creases, the wavelength is lengthened propor- 
tionately. 


Fig. 3.38. The passage of a surface wave 
from deep to shallow water. The shal- 
low water is at the top of the picture. 


A useful aspect of water waves is the rela- 
tion of the speed of surface waves to the depth 
of the water. Such wave disturbances travel 
faster in deep water than in shallow water. For 
a given wave frequency, the wavelength in deep 
water is longer than it is in shallow water. 
Therefore water of two different depths acts 
just like two different transmitting media for 
wave propagation. 


_ This difference is easily observed in the 
tipple tank by arranging the tray to have two 
different depths of water. Then surface waves 
are generated that travel across the boundary 
of the two regions. In Fig. 3°38 the deep 
water representing the medium of higher pro- 
pagating speed is in the lower portion of the 
photograph. The wave moves toward the 
shallow water in the upper portion. The 
boundary between the deep and shallow water 
is parallel to the advancing wavefront. Thus 
each incident wave crest approaches the 


shallow region along the normal to the boun- 
dary. 


Observe that the change in wavelength is 
abrupt. It occurs simultaneously over the 
entire wavefront at the boundary of the deep 


Fig. 3.39. Refraction of a surface wave 
at the boundary of deep and shallow 
water in a ripple tank. 


and shallow water. All segments of the ad- 
vancing wavefront change speed at the same 
time and the wave continues to propagate in 
its original direction. 


DEEP WATER 


Suppose we adjust the deep and shallow 
regions of the tray so that the boundary is no 
longer parallel to the advancing straight wave 
but cuts diagonally across its path. This 
arrangement is shown in Fig. 3.39. Each 
advancing wave crest now approaches the 
boundary obliquely. Adjacent segments of 
the wavefront pass from deep to shallow water 
successively rather than simultaneously. At 
the boundary, the direction of the wave 
changes ; the advancing wave has undergone 
refraction. Refraction is the bending of the 
path of a wave disturbance as it passes obli- 
quely from one medium into another of diffe- 
rent propagation speed. 


The refraction of surface waves on water 
is shown by diagram in Fig. 3.40. As the 
wave passes into the shallow water where its 
speed is less and its wavelength is shorter, it 
is refracted toward the normal drawn to the 
deep-shallow boundary. The angle of refrac- 
tion r is smaller than the angle of incidence i. 
(The angle r is the angle between the path of 
the refracted wave and the normal.) 

Had we generated the wave in the shallow 
region and directed it obliquely toward the 


BOUNDARY 


SHALLOW 


SHALLOW WATER 


Fig. 3.40. The geometry of refraction. Water of two’depths in the ripple 
tank represents two media of different speeds, 
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boundary, it would have been refracted away 
from the normal on entering the deep water. 
Angle r would have been larger than i. The 
change in direction and the change in speed 
occur simultaneously. How are these two 
changes related ? We shail investigate this 
question quantitatively later when we study 
optical refraction. There the measurements 
we need can be made with reasonable precision. 


The phenomenon of refraction of waves 
can also be demonstrated by considering pulses 
moving from a light rope (medium a) to a 
relatively heavy rope (medium b). We will 
take cases in which the speed of the wave in 
medium ‘b’ is less than that in medium ‘a’. 
As a pulse propagating in the light rope 
reaches the heavy rope, a part of it gets reflec- 
ted and a part is transmitted into the heavy 
rope (Fig. 3.41). From the figure, you will 
see that the transmitted pulses are drawn closer 
together in medium ‘b’ than they are in 
medium ‘a’. This means the wavelength Ag of 
the transmitted wave will be shorter than the 
wavelength A, of the incident wave. Although 
the wavelength changes when the wave moves 
across the boundary, the frequency remains 
the same. 

Thus we have 

y,==vA in medium ‘a’ where »j=speed of 
the incident wave 
and vg=vA2 in medium ‘b’ where vo=speed of 
the refracted or transmitted wave. 


ie. the ratio of the wavelengths in the two 
media is equal to the ratio of the speeds of the 
waves. 


SOLVED EXAMPLES 
Example 1 


If the vibrator in a ripple tank strikes the 
water 200 times in a second, what is the fre- 
quency of the waves produced? If the 
frequency of the vibrator is halved, what 
happens to the frequency of the wave ? 


Solution. 


Frequency of the waves is equal to the 
frequency of the vibrator. Since the frequency 
of the vibrator is defined as the number of 
vibrations made by the vibrator in one second 
so its frequency is 200 Hz as it makes 200 
vibrations in a second, 


Frequency of the wave produced 
=200 Hz=200 s72. 

If the frequency of the vibrator is halved, 
then, the frequency of the wave also gets 
halved i e., 100 Hz or 100 s71. 

Example 2. 


If some water waves are found to have a 
wave length of 2cm and a frequency 10 Hz, 
caiculate the speed of the waves. 


Solution. 
Wave length of water waves 
=A=2 cm=2x 1072 m 
Frequency =yv=10 Hz 
Speed of the waves=v= ? 


Since v=vA 
: v=10x2x 10-2 m/s 
=02 m/s 
Example 3. 


Velocity of light in vacuum is 3x 108 m/s 
and that in water is 2.3108 m/s. If the wave- 
length of a wave in vacuum is 6x 10-7 m, what 
will be its wave-length in water ? What is the 
frequency of the wave ? 

Solution. 
In Vacuum 
Velocity of light in vacuum=y;=3 x 108 m/s 
Wave length of light wave in vacuum 
=)1=6xX10-7 m 

Frequency of the light wave=v= ? 

Since yy=vaAy 

“. 3x 108=6x 10-7 xy 
3x 108 
6x 1077 
=5 x 1014 g-1 


v= 


In water. 
Velocity of light wave in water 
=ve=2°3 x 108 m/s 
Since the number of vibrations per second 
made by the vibrating source of light is inde- 
pendent of the medium in which it is vibrating, 
its frequency in vacuum is the same as that in 
water. 
Hence, Frequency of the light wave in water 
=v=5 x 1014 s-1 
Wave length of the light wave in water 
=)= ? 
Since Vo=vAg 
2:3 x 108=5 x 1014,Aq 
_ 23x 108 
Sx 10M 
=46xX10-7 m 


or À 
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Ezample 4. 


Ifa tuning fork vibrates with a frequency 
of 512 Hz to produce sound waves which travel 
with a velocity of 330 m/s, find the wave length. 


Solution, 


Frequency of the tuning fork=v=512 Hz, 
This is also the frequency of the sound waves. 


Velocity of sound waves=y=330 ms™1, 
Wave length of sound waves=\= ? 


Since v=vA 
ay y 
of = i 
330 
512; 
=0'645 m 
Example 5. 


A mass at the end of a horizontal spring is 
stretched 0:10 m from its rest position and then 
released, It takes 0°75 s for the mass to move 
through its rest position to its extreme position 
in the opposite direction. 

(a) What is the amplitude of the motion ? 

(b) What is its period ? 

(c) What is its frequency ? 


Solution. 

(a) Since the amplitude is the maximun dis- 
placement, so the amplitude of the motion 

=A=010m 

(b) Since it takes 0:75 s- for the mass to 
make a one-way trip from one side to the, 
other, the time for a round trip will be 
2x0:75=1:5 s. Hence time period (T)=1'5 s 


(c) Frequency (v)= be 


racial 


T 
1 
5 

7 


1 
0°67 s or 067 Hz 


SUMMARY 


1. Wave motion is a disturbance in the medium due to repeated, periodic and to and fro motion 
of the particles of the medium about their mean Position. The whole of the medium is not 
disturbed all at once but the motion is handed over from one particle to another. 


2. Wave is a method of energy propagation through space which involves periodic variations in the 


medium through which the wave travels. 


3 A number of phenomena characterizing waves can be demonstrated in the laboratory by water 
Waves using a simple apparatus known as the ripple tank. 
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12. 


13. 


14. 
15. 


16. 


17. 


18. 


19. 


21. 


Longitudinal wave. The particle motion is parallel to the direction of the wave e.g , sound wave 
in aw. 


Transverse wave. The particle motion is perpendicular to the direction of the wave e.g., light 
wave ; ripples in water 


Periodic motion. Motion which repeats itself after a fixed time interval. 


Time-period(T). The time interval during which a physical system completes one full cycle of 
motion. 


Frequency (v). The number of vibrations (or complet cycles) per second 


Its unit in S.I. system is hertz (Hz). 


Digeenens The distance of a moving system from its equilibrium position at some instant 
ti 


Amplitude (A). It is the maximum value of the displacement. 


Wave length (x). The distance between any (wo consecutive points on a wave pattern which 
are in the same phase. It is also the distance travelled by the wave in a medium in a time 
during which a vibrating particle of the medium completes one full vibration. 


In a transverse wave, one crest and one trough constitute one wave length while in a longi- 
tudinal wave one condensation (or compression) and one rarefaction constitutes one wave- 
length. 


Speed of a wave. Speed of a wave= Frequency x wave-length 


Crest in a transverse wave is a point at a maximum displacement above its equilibrium (or 
mean) position. 


Trough in a transverse wave is a point at the maximum displacement below its mean position. 


Condensation or Compression in a longitudinal wave is a region where the particles of the 
medium come closer together. In this region, the density or pressure is greater than the 
normal. 


Rarefaction in a longitudinal wave is a region where the particles of the medium go farther 


apart. In this region, the density or pressure is less than the normal. 


Phase of a vibrating particle in a wave-motion is that physical quantity which determines its 
position and direction of vibration at some instant of time. In fact it is the stage in a cycle 
that a wave (or other periodic system) has reached at a particular time or at a particular place. 
Two vibrating particles in a wave-motion are said to be in phase if they are lying at the same 
position and are ready to vibrate in the same direction. If they are lying in the same position 


but are ready to vibrate in the opposite direction, they are said to be in opposite phase or out of 


phase ot out of 180° phase. 


Super-position principle. ‘Two or more waves can pass through the same region of space 
independently of one another. The resulting displacement of the medium is the sum of the 
displacements caused by the individual waves. 


y=yityitysten 


Standing (or Stationary) Wave. A wave pattern produced by two superimposed travelling 
waves of the same frequency, amplitude and speed, moving in opposite directions in tho same 
medium. At some positions the amplitude is zero (nodes) ; at other positions the amplitude is 
a maximum (antinodes or loops). 


By the interference of two waves we mean the result of super-imposing the two waves on the 
same medium. 


22. 


1f we have two transverse waves travelling along a string in the same direction, with the same 
frequency and the same amplitude, the resulting motion of the string will depsnd upon the 
algebraic addition (i.e., with the proper sign) of the displacements due to the two waves at 
every point along the string. How the disolacements add will depend on the relative phases 
of the two waves. 


In constructive interference at every point the displacements of the string produced by the two 
waves add constructively. 


In destructive interference, the two waves are 180° out of phase The negative displacements 
of one wave cancel the positive displacements of the o-her, and the result is no motion of the 
siring 


Reflection of a wave from a fixed end causes a phase change of 130°; reflection of a wave from 
a free end causes no change of phase. 

When a wavs coming from one medium falls on the surface of another medium, it will bounce 
back. This property of the bouncing of the waves is called reflection, 


Diffraction is the property of waves of turning round the edges of an obstacle (or bending of 
waves round corners). The spread of the diffraction pattern is proportional to the wave Jength 
and inversely proportional to the width of the slit. 


Whenever a wave travels from one medium to another. it gets its path changed and hence it 
experiences a change in speed at the boundary of the two media. This phenomenon is called 
refraction of waves. 


Polarization is a phenomenon according to which the wave oscillations are restricted to a 
particular plane. When all the oscillations of a wave get confined along one direction, the 
wave is called plane polarized. 


Polarization distinguishes the behaviour of transverse waves from that of longitudinal waves. 
Transverse waves can be polarized whereas longitudinal waves cannot be polarized. 


Light waves are transverse waves. 


QUESTIONS 


œ (A) Objective-Type Questions 
1, 


In wave motion, a single disturbance which is not repeated is known as 
(a) peak 

(b) pulse 

(c) transverse wave 

(d) longitudinal wave. 
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A wave in which the particles of the medium vibrate at right angles to the direction in 


which the energy travels is known as 
(a) a pulse 

(b) electromagnetic 

(c) transverse 

(d) compressional. 


A sound wave in air is 
(a) longitudinal 

(b) transverse 

(c) torsional 

(d) electric. 
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10. 


11. 


Pranav holds on to one end of a stretched spiral spring, Ashish to the other, Arun 
pinches several coils close together. This distortion is known as a 
(i) trough 
(ii) crest 
(iii) rarefaction 
(iv) compression. 
A tuning fork vibrates in air. The number of compressions going past a given point 
per second is the 
(a) wavelength 
(b) time-period 
(c) frequency 
(d) amplitude 
(e) phase. 
Rinku produces a certain note when she strikes a tuning fork gently. If she strikes the 
fork harder, the most probable change will be that the sound wave will 
(a) travel faster 
(b) have a higher frequency 
(c) have a greater amplitude 
(d) have a longer period. 
If a stationary (standing) wave pattern is set up in a spring, certain parts of the spring 
never move from their equilibrium position. These parts are known as 
(a) nodes 
(b) antinodes 
(c) loops 
(d) crests. 
Ata given temperature, all sound waves in air have the same 
(a) frequency 
(6) speed 
(c) time period 
(d) intensity. 
If the frequency of vibration of an object in air is increased, the characteristic of the 
resulting wave which must change is the 
(a) amplitude 
(b) speed 
(c) wavelength 
(d) intensity. 
The speed of certain water wave is 5 m/s. lf its wavelength is 2m, its frequency is, 


When two sound waves of the same frequency are superposed on one another, thé 
resulting phenomenon is known as 


(a) interference 
(b) resonance 
(c) an echo 
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is A sound wave in air has a frequeacy of 500 Hz. Its period is 


-If the speed of sound in air is 350 ms-1 and its frequency.is_ 1000 He, ‘the aai 


i+ 14. One-wavelength-is-the-distance between... NE RT A 
15. The frequency of the note produced by the simplest mode of yibration is inten AS..:.;, 
O —— es and other notes of multiple frequencies are known a8.................. 
16. Velocity of the waye xti (ta pat 
, 12, Two. he-same-amplitude and frequency travel i in phase through the same 
medium and are superposed. The resulting wave will have an increased 
(i) speed be saw hil ies Re aaa 


~ (ii) frequency 


(iii) Pitre ii sbiosion (bh E) -gi ni zs 
tine Bar sd! to sbutilqms sdi 3 


PRE yia 


Fig. 3.42 


19. In Fig. (3.43), (a) the wave with the greatest amplitude is 
(b) the wave with the longest period is......... PAER 
D vd boisde èi MOlos1 


Fig. 3.43 $ ygione 10 comsdiuieib 6 9 
20. In Fig. (3:44), two pulses aresshown monotona ottir.” y i 


coincide, the p nomenon. which, 


(i) reflection dy ni eaiusalom ors #192 718 i 
50 j jom of JiS 9 110 n0 
10} ah teragion sott ad) diiw sipqmoo reluoslom o íi ‘to 
(iii) diffraction 
(iv) interference 


(v) polarization. 
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Fig. 3.44 
21. When the two pulses in Fig. (3°44) coincide, the amplitude of the resulting pulse will be 
(a) +1 
(6) +2 
(c) +3 
(d) -1 
PEE S EAE wave can be polarized whereas.............. -wave cannot be polarized, 


23. When a wave propagating in one medium is incident on another medium, its speed gets 
changed due to 


(i) reflection 
(ii) refraction 
(iii) diffraction 
(iv) polarization. 
24. The phenomenon of diffraction is shared by 
(a) transverse waves only 
(b) longitudinal waves only 
(c) all types of waves. 


25. Whenever a wave gets reflected from a fixed boundary, its 
(i) phase changes by 180° j.e. it is flipped upside down 
(żi) phase does not change 
(iii) wavelength changes 
(iv) frequency changes. 


[B] Very Short Answer-Type Questions : 


1. Isa wave a disturbance or energy ? 

2. What evidence can you think of to show that a wave transmits energy ? 

3. What is one difference between a pulse and a periodic wave ? 

4. A tuning fork vibrating in air sets the molecules in the air in motion. How does the 
Nhe of vibration of these molecules compare with the frequency of the tuning 

5 What is the definition of wavelength ? 


6. Give S.I. unit of frequency of a wave. 


27. 
28. 
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. What is the unit of wavelength in S.I. system ? 
. How are frequency of wave and its time-period related to each other ? 
. What are the two common classification of waves ? 


. What kind of a wave is sound : Longitudinal or transverse ? ([A.LS.S, 1987] 
. What kind ofa wave is light ? 


. What are nodes ? 

. What are antinodes ? 
. Mention the relationship between speed of wave, its frequency and its wavelength, 

. How does the spread of diffraction of a wave depend upon the width of the slit ? 

. How does the spread of diffraction of a wave depend upon the wavelength of a wave ? 
. What happens to a wave while going from ararer medium meets the surface of a 


denser medium ? 


. What is the definition of refraction of a wave ? 

. Can a longitudinal wave be polarized ? 

. Does the phenomenon of interference of waves violate the principle of conservation of 
? 


energy 


+ Mention one condition for the interference of waves to take place. 
. Two vibrating particles in a wave motion are in phase. What does it mean ? 


. What is a straight wave ? 


What is a circular wave ? 


. What is a plane polarized wave ? 
. A student in a physics laboratory takes a tuning fork and sounds it by hitting any one 


prong on a rubber pad. He holds it vertically near his ear and turns the handie so that 
the tuning fork rotates about its length. Does the vibrating tuning fork produce iu er- 
ference in sound waves ? 

Why cannot a wave travel through vacuum ? 


On a Time vs. Displacement plot of a wave, mark three points having the same phase, 
[A.L.S.S. 1987} 


[C] Short Answer-type and Essay-type Questions 


1, 


2. 


3. 


(a) Define wave-motion. 

(b) Distinguish between a transverse wave and a longitudinal wave. Give three 
examples of each. - 

(c) How does the motion of the particles ofa medium differ from the motion of the 
wave through it ? y 

(a) Define the following terms with reference to a wave-motion :— 
Vibration (or oscillation) ; time-period ; frequency ; amplitude : Wave-length and 
pkase of a vibrating particle. 

(b) Derive the relationship between the time-period and ss a of a wave. 

(c) Derive relationship between wave-length ; frequency and velocity of a wave-motion. 


Explain the following terms : j 
(i) Compression (or condensation) (ii) Rarefaction 


(iii) Crest ¢ moive 1.2 oi digaclovs : 
i aji bag sve 10 yonoupett ns woH 8 

(iv) Trougbs:io doss ot bolalo bonsq-em eti E ele 
(v) Nodes Ç goysw to noitsoiie slo nommo? OW!) of Biz T 


2i 9V8 o br iid sed W or 
-a1 2 Ava), Antinodes (or loops)ns13 19 Isnibuisi ses ‘dail al si 5 at boid ied W II 
4. What is a wave motion ? Give some of the nete ofa y _ motion: y $I 
5. (a) Define : Stationary (or Standing) waves ; Nodes and Antinodes., s18 IBW £i 
(b) Distinguish between standing waves, iE progressive waves. 
indc) What is the differencê bétweer:19 b399? 999 wiod qidenoitalai od) noiis 
t ik „iN dweconsecutive módesisb evaw s 1o noitosr fib Io bssiqe 9d) 2909 wor 
RW ite (dij, node-and amanti-nodes) sve" 8 1o noitosiNib to basqa off) esob w 
eye (Ùi) two gonsecutive antinodesnoi? sniog slidw svew 8 hore aa 
(d) Give two examples of Rees waves, 


19M «(FT 


isset to nohiniəb adj ei tadW BI 
. State the principle of superposition oF Mwave. "Ao w does this prine aie help i ip, explaining 
the following gurls ¢ besiislog sd svaw fantb 


Batata wa to sanoisiysiwi 3 snonsilq © 
lof Je ist rand YSS sloiv 29vaw to sons w\isiM F / 


7. (a) Is ik waye-in air a:transveise wave-orinlongiesdinal wave?” " n : 
(b); How, will, you explain. the propagation of a sound waveimaireindiy owl -+> 
(o) Bee ite of a railway engine is seen first and the, whistléviis hearded Title: Tater. 


(d) A tuning fork is marked with the number 512. Wht does! this OTE signify, 2 
8, How do you distinguish between a pulse and a periodic’ wave? ate ‘examples. 
9: Whesia wave is genetated/in'a pord, isit the! water’ Wa 
-Desotiibe amexperiment to'sup iter a a ‘Bie bE hi 
- 10; “Howildd’ thatiiverse Waves’ differ from "Bngitudtt i 


which can distinguish between the two. 4 
¢ muuosy dguoili isysi svsw B Jonns 


11. Explain he priciple of super, waves,, be ii two Waves 
VScom ahtope MOVi iH Opposite aR at Ra eto Desenin hat, bappens when 


42: Egle the rsh tetas of interfezenceand iff action! Do: you!-observe’ these bhén- 
mena with transverse waves or with longi ndigal w waves or with both.? Giye examples. 


13. How are standing waves produced ? What is the maxim din 
3 owaye car avetringi length Z ?bns evaw seiovensi A aaa 19674 q§tanding 
doss to selqmsxe 


Describe two experiments, o; h t 4 
ie fortset aa eE SEL sul Ae Aa qo bai plain the phem STERE ff RES and refrac 
ji Nguoi ovA 


15. What kind of a wave is sound? What varia bles can, be used, to; Represent.a;squad wave 


asa sine curve” ot Novom-sVBYwW S$ O} 939097 AS 
v 20 10) adi) 
16 a) Wider what Conditions d3°tw#o waves inter rere, with eacb other ae 2 
(b) ..Whatare two, other ways.ofisaying that twoxwaves are “of opposite plidse ? 
voitom(@ysWhen, will, two, waves from two point sourcesiannultack other? ovine (9) 


17. What is meant by diffraction of a wave ? How will yourdemonstrité it!iwith the help of 


a ripple tank ? Why do sound waves exhibit minent hereas 
it is not ordinarily observed iff ca: Ekv bf fight wba PREBQREROP a Romia ot (iy 


uode 2938301 X10) 
nal waves? Describe ar A 


iW pe 


18, 


19. 


1 Explain the lihoin bf ‘polarization of Waves HOW: W 


. Make a afawing showing two tFiäsverse waves of the same “wavelength but. 
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Explain the phenomenon of interfe; in a medium. How will 5 

trate it with the help nt a aides e Moas i “oa eames 
sw bagoa s to be ad Ww 

Describe a, ‘ripple Pk ow would | yout ‘use it to kady PAOTR SUTA 


(i) reflection of waves _ (ii) refraction of waves ? 
9371 Sis, 


.. How will you ‘deménsteate ‘the’ phénoméñon “Of reffaérion Of Waves Peat ihe help. of 


two strings Of different densities ? 
sdt ek iss 


ou den ral Gt Do Do 


we consider light waves to be transverse or longitudinal F 


į Howcdoes speed'of a wave: inâ médivay affect th amount of refraction ore w wae 7è 


7 How does a/pulse = a ae ating differ Komt the incident pulse after YeithioaleNecrea at 
_ a fixed termination ? 


-o List the common, ‘properties Of waves and: give an ilusteation of cachi ston 3 


add gaimuzzi 
n 


“different 


;, amplitudes, „Which § arein phase. Graphically find the wave: pattern mhich results if 


26. 


27. 


“length; andaan positive maximum fet thie wave" 


28. 


= 


31. 
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cad be héard atiywhiete int a Satta Aisa. atA S ebo 


$ yin dy ail 
. (a) T what | ways may a poluga transferred. ye 
en "WRAL igh! disturbance? What ‘eonstitutes the “turbance when a wave) (moves 


2(c)e What does a wave source supply to 
.. In an expe iment, 

“Sound is heard t 
. ¢ What is “the basic difference between light and X-Rays a 


these two. waves, sate superposed. sooi oii ic), 
r- ty nig 


Repcat Question 25 with waves of the same emphit , but with aving ‘twice the 
wavelength of the other. At r=0, the ieee aan ‘both waves is‘¢ero/ Ali =(7/4 later 


m 
for cach, the , displacement ì is maximu positi Bea Arba (3 


Repeat Question 26, but take the dis lacement as zero tae the yavs, of lon; £ waye- 
of sh orter Wavele ot o whit 

uw 10 ates 31 

wiso eA 5V d becuborg 


cen ‘ould 


the: reverse Spaai roe qaii 


id od 


A When fwe Waves iaterterere, what tnffuetice does" cult pe apa of the 


other: h Explai 


When two waves interfere, i is there a Loss of, energy ir in ithe e system 7 ? Explain. MENEN a} 
by a special sound-proof partition except for'd ediitecting 
doorway, How can ou e; ie other? the fact shat a sound prod duced Anywhere, in, ọnẹ room 


T: ho foots are atifarated 


uaz vosu 


Aondw phenoniénon has been \ reared | in which there isa tradsfer of energy: O° What 


i type of experiment would. you propose to determine Ba it is a particle of wayo 


qonoupstt ost 
51} bauoz 78 worl bait 


rohesomanad basoz to pioolay od} bas SH 00b at J1 


ti ai tal WW 


actss'the surface of a pond ? What constitutes the disturbance when a longitudinal 


_ Wave frayels through the AitQiaw zovew wisw to dignslovew si 

a the dadio e which the wavé passes ? 

it is found that when two ide! tical bodies ate, .vibrated.together, no 

cote pouits,, Explain how, sport oAadeS 81987) 
[4.I.S.S. 1987] 


[Hint : Both are waves but differ in wavelength.] 
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PROBLEMS 


. What is the period of a sound wave with a frequency of 2°5 x 103 Hz? 


[Ans. 4x 10-45] 


. What is the frequency of a light wave with a period of 1:6 X 10-15 s ? 


[Ans. 6:25x 1014 Hz] 


. What is the wavelength of a lightwave with a period of 16x 10-15 s? Velocity of light 


wave in air is 3x 108 m/s, [Ans. 48X10-7 m] 


. The pendulum of a grandfather clock makes the floor vibrate with a period of } sec. 


What would be the wavelength in air of the sound generated by this vibration. 
(Velocity of sound in air=3-4 x 102 m/s). [Ans. 1°7x 102 m] 


. Assuming that the lowest audible note has a frequency of 16 s71, and the highest 


audible note has a frequency of 2x 104 Hz, find the corresponding wavelengths in air. 
Take the velocity of sound in air to be 34x104 cm s71. [Ans. 21°5 m; 17x 10-2 m] 


. A mass at the end of a horizontal spring is stretched 0'030 m from its rest position 


and then released, If it takes 1:0 s for the mass to move through its rest position to 
an extreme position in the opposite direction, 


(a) What is the amplitude of the motion ? 
(b) What is the amplitude of the vibration ? [Ans. (a) 0:050 m (b) 0°50 Hz] 
A tuning fork is marked with the number 500. What does this number signify ? What 


is the frequency of this tuning fork? Calculate the wavelength of the sound wave 
produced by it. Velocity of sound=340 ms-1, [Ans. 500 Hz; 0 68 m] 


. A body vibrating with a certain frequency sends waves 0'15 m long through a medium 


A, and 0:20 m long through a medium B. The velocity of wave in A=120 cm/s. Find 
the velocity of wave in B. [Ans. 1:6 m/s] 


. If the highest note which a human ear can hear corresponds to a frequency of 30 kHz, 


find the shortest wavelength which it can detect. Velocity of sound in air=340 ms“. 
g [Ans. 1°13 10-2 m] 


A wave has a wavelength of 4m and frequency of 200 Hz. Find its time-period and 
velocity. [Ans. 0:005 s : 800 m/s] 


A man sets his watch by the noon whistle. of a factory ata distance of | km. How 
many seconds is his watch slower than the time piece of the factory? Velocity of 
sound =332 mst, [Ams. 3:01 seconds] 


If the frequency of a tuning fork is 400 Hz and the velocity of sound in air is 320 ms~!, 
find how far sound travels while the tuning fork executes 30 vibrations [Ans. 24 m] 


What is the speed of a periodic wave disturbance, trequency 2:5 Hz and wavelength 
06m? [Ams. 15 m/s] 
Calculate the wavelength of water waves which have frequency 0°5 

‘ cy 0'50 Hz and speed 
4:0m/sec. [Ans. 8 m] 


The speed of transverse waves in a string is 15 m/s. If a sourcee produces a 
disturbance, frequency 5:0 Hz, what is the wavelength of the wave produced. 


jAns. 3 m] 


16. 


17. 


18. 


19. 


20. 
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A periodic transverse wave, frequency 10:0 Hz, travels along a string. The distance 
between a crest and either adjacent trough is 1'50 m What is (a) the wavelength, (b) 
the speed of the wave ? [Ans. (a) 3 m (b) 30 m/s} 


A periodic longitudinal wave, frequency 20 Hz, travels along a coil spring. If the 
distance between successive compressions is 0°40 m, calculate the speed of the wave. 
[Ans. 8 m/s] 


What is'the wavelength of a periodic longitudinal wave in a coil spring, frequency 8-0 
Hz, and speed 20 m/sec ? [Ans. 2'5 m] 
A wave generator produces 16 pulses in 4'0 seconds (a) What is its period ? (b) What 
is its frequency ? [Ans. (a) 0'25 s (b) 4 pulses/second] 


One pulse is generated every 0'10 secin a tank of a water and the wavelength of the 
surface wave measures 3'3 cm. What is the propagation speed ? [Ams. 33 cm 571] 
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4.1. INTRODUCTION ©) (>)! 
Many of our greatest pleasures—friendly 
conversation around. the dinner table, the rustle 


of autumn leaves, the! boom of the ‘ocean surf, 


a song by a favorite recording artist, singing ; 
drumming ; playing a musical instrument ; the 
tadio producing music—come to us by sound 
waves striking our ears. In this chapter we will 
apply the ideas about waves developed in the 
preceding chapter to sound waves, to see how 
they are produced, with what speed they travel 
and what are their characteristics. We will 
also discuss the miracle of the human ear and 
its exquisite sensitivity to the sounds which 
surround us, 


4.2, PROPAGATION OF SOUND WAVES 


In the preceding chapter we saw that a 
sound wave is a longitudinal wave consisting 
of periodic variations in the displacement 
of the particles of the material and in the 
pressure, parallel to the direction in which the 
wave is travelling. It travels in the form of 
compressions and rarefactions, 

When your teacher speaks to you, you hear 


him easily, which means that at least air can 
carry sound, 


u 


1095 OE o RANE you played| 


ovas) siboitoq À JE 


nd 


Ud IQ BII09R SVEW €l 


NA i 
With) Av toy: telephone 
i.e.; two match-boxes connected Hp 

ithet end, 
ddan pass 


before, € 

dong:string with two:boys' statidiny Èi 
'Ehis:shóws without doubtthatsöun 
through a string (Fig. 4.1). 


If you place your watch at one corner of a 
long table and your ear against the table at the 
opposite corner you will hear the ticking of the 
watch quite distinctly, whereas if you place the 
watch at an equal distance in air you will not 
be ablo to hear its ticking. This again shows 
that wood can carry sound. 


Have you read the story of how scouts 
listened to sounds of soldiers marching many 
kilometers away by placing their ears against 
the ground (Fig. 4.2)? The earth is therefore 
a carrier of sound. 


While swimming in water have you ever 
tried to listen to a sound, e.g., clapping, pro- 
duced under water? The sound will be heard 
very distinctly, showing that water also carries 
sound. 


Now try the following experiment, 


Fig. 4.1. A toy telephone, 
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To a alt rif soli can AE: 


2100 ai t y i2 

Requirements, Liar at Spy I i to, 

cover it,“vaseliné, wea Wi bane ine, 
ing wires, key and paid, Sie, ; 


aiProcédure!’ Place the bell’ jar upside’ down 
on! the glass plate ànd "seal the junction” with’ 
vaseline.” Connect the tibe*shown'(See Fig’ 4.3) 
toai exhaust pump and the ‘terminals of “the” 
electric bell; which has "been Safely placed inside” 
the‘jarj tö a battery and a Ki Press’ the’ ig 
and'listent' tothe? jigg of ‘the’ bell. , 


Now:t use, ‘the exhaust: ‘pump to pump. air out: 
of the-bell jar,; Continue, to, pump air, out, unti};; 
there is hardly, any, leftyin the, jary,, Keep, Ithe:1 
key closed all the.time,and listen.to the ringing ) 
of_the Beles pW at Dane: pour roine b 


“Heparin. 


BELL JAR 


GLASS PLATE 


A scout listening fot ‘enemies: 


As, the airis gradually removed; the sound 
becomes less and gr until: no\ more ‘sound is 
` heard. 

‘This shows ofl that a vacuum does not 
carry sound. 


“We are now ina ibosition to say generally 
that sound is carried by solids, by ‚liquids and 
by gases, but not by a, vacuum.. In. other 


words, sound requires something—a material 
medium—to carr it and since a vacuum con- 
tains porig, wi PRTEKERS sound: cannot. pass 


y through it, 


On.the moon, which bas- no. atmosphere, 
the: astronauts. could hear no sound. except that 
communicated through. the solid. surface, of. the 
moon (or, through,radio waves). 

» Sound waves propagate readily | through: all 


» forms -of matter--solids, liquids; and gases 


BATTERY KEY 


. = TO EXHAUST PUMP 


Fig. 4.3. Apparatus to show,that sound, does not pass throagh ai vaccum. 
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alike. Sound propagates better through solids 
than through gases, for in solids there are more 
molecules per unit volume to carry the sound. 
For the same reason sounds appear louder 
under water than they do in air, since the 
liquids conduct sound better because of their 
greater density. 


If the ear is applied to one end of a long 
board whilc some one lightly knocks at the 
other end, the sound of the knock will be heard 
distinctly, though it may cease to be audible 
when the ear is no longer in contact with the 
board. This shows that sound does not readily 
pass from the board into the air. Similarly, it 
does not pass readily from air into water; for 
a diver inside cannot hear the shouts of people 
outside the water. In general, we may say 
that sound does not readily pass from one 
medium to another when the two differ greatly 
in density. This explains why ear must be 
applied to the rails to listen for an approaching 
train. The sounds made by the wheels pass 
readily through the rails but not from the rails 
to the air. Again, the sound of water, running 
in the mains under the street is inaudible to us 
but the water company’s inspector, by applying 
a rod to the ground above the pipe and press- 
ing the ear to the other end of the rod can 
hear the water running because there is a 
continuous solid connection from the pipe to 
the ear. He can thus detect any leaks in the 
mains. Similarly the sound of the air inside 
the lungs, as also that of the heart beats, is 
inaudible to an ear placed near the chest, but 


VACUUM 


AIR 332 m/s 
WATER 
COPPER 


IRON 


can be readily heard if the ear is pressed on to 
the chest. The doctor uses a stethoscope to 
make a solid connection between the chest and 
the ear and these sounds thus become clearly 
audible to him. 


This principle is usually made use of\in 
preventing sound from passing from one place 
to another. Houses are usually built with 
walls, having an air space between two facings 
of bricks, with the result that sound cannot pass 
readily from one room to another. In houses 
with solid walls, however it can easily do so. 
For the same reason, double windows are used 
in offices, situated in noisy surroundings. 


43. HOW FAST DOES SOUND TRAVEL? 
(Speed of Sound) 


During thunderstorms we see the lightning 
long before hearing the thunder, even though 
they are both produced at precisely the same 
instant. Also when a gun is fired to start 
a race we see the smoke far off before we hear 
the sound of the firing. In the same way the 
puff of steam is seen from a far off train before 
the sound from its whistle reaches us. All these 
goto show that sound takes some time to 
travel from place to place, that is, it has speed. 
It also shows that the speed of light 
(3x108 m/s) is much greater than that of 
sound. The speed of sound waves depends on 
the properties of the medium such as density, 
temperature and elasticity 


*43x10' m/s 


356x10 m/s 


———> _ MATERIAL 


10x10" 20x10? 


———— 513x10 ms 


30x10 
SPEED OF SOUND (m/s) 


40x10" 50x10" 
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Fig. 4.4. The speed of sound in a variety of materials, 


Table—4.1. Speed of Sound in a Variety of 
Materials 7 


Material ka of rome 

AIR (STP) 332 

Carbon dioxide (STP) 258 

Hydrogen (STP) 127x10 
Water 143x10 
Mercury 145x10 
Aluminijum 5-10 108 
Cones: 3°56x 108 
Tron 5°13 x 10* 
Nickel 497x10 
Tungsten 4°32 10° 


Figure 4.4 and Table 4.1 show the speed 
of sound in a variety of materials. We see that 
the sound travels more rapidly in liquids (say 
water) than in gases (say air) and more rapidly 
in solids (say metals) than in liquids. The 
speed of sound in dry air and at 0°C is 
332 m/s. The speed of sound varies little with 
temperature for liquids or solids. In gases, 
however, the dependence is considerable. It 
can be shown that the speed of sound v at a 
temperature T; is related to the speed of sound 
va at a temperature Tz by the equation. 


n [T [23+ 
vg Ta 273+12 


where 7; and Tz are absolute temperatures, i.e 
celcius temperatures ¢; and tz plus 273°. 

Hence if the speed of sound in air at STP 
is 332 m/s, its speed at room temperature 
(20°C) is 


vf 27320 
32 273 
or v=343 m/s 


The velocity of sound is higher in a denser 
medium. With humidity also, the velocity of 
sound in air increases. The velocity of sound 
in a gas is not affected by any change in pres- 
Sure, provided the temperature remains 
constant. Wind makes the regions of compres- 
sjon and rarefaction travel much faster along 
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its own dirertion and slower against it. Thus 
if wind blows with a velocity W in the same 
direction in which the sound travels with a 
velocity v in the absence of the wind, the 
resultant velocity of sound becomes (v+W). If 
however, the wind blows in the direction 
opposite to that in which the sound travels, 
the resultant velocity of sound is given by 
(v—W). 


4.4. SOME SOURCES OF SOUND 


Try to listen to various sounds, trace each 
one back to its source and find out what is 
happening to produce the sound. As examples, 
find out and write down how each of the 
following produces sound : 

a drum; a guitar ; a piano ; a sitar; a 
whistle ; the whistling tree ; the human voice 
box ; the tuning fork ; the radio; a violin ; a 
loudspeaker ; a cymbal ; a tabla. 

Can you see anything in common in the 
ways the objects listed above produce sound ? 


None of the instruments will produce any 
sound unless it is either beaten or struck or 
bowed or blown. When thus treated it starts 
moving rapidly and the movement produces 
sound. Thus, sound is produced by vibra- 
tion or movement. y 


The thin leather of the drum is beaten or 
hammered, and it moves up and down, i.e. it 
vibrates, produces sound ; a guitar is plucked 
with the fingers, the string starts moving 
rapidly to and fro, producing sound; the 
string of the piano is struck by a hammer and 
is set moving to and fro producing sound ; a 
whistle or flute is blown with the mouth and 
the air inside it is set moving rapidly producing 
sound ; the whistling tree is moved by the 
wind, and produces sound, 


For us the most important source of sound 
is the Auman voice box or larynx. When we 
talk or sing or make any sound, we make our 
vocal cords vibrate [Fig. (3.12) in chapter-3), 
If you touch your throat gently, you can feel 
a hard lump which moves up and down when 
you speak. This is your voice box. Two vocal 
cords are stretched across it in such a way that 
it leaves a narrow slit between them for the 
passage of air. When the lungs force air 
through the slit, the vocal cords vibrate pro- 
ducing voice. However, in talking, the 
frequency of the sound is continuously chang- 
ing. This is achieved by means of muscles 
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attached to the ‘vocal cords in ‘the voice box. 
When’ you emit a high frequency sound, the 
muscles stretch the cords very tightly, On the 
other hand; when-you emit a low frequency 
sound, the vocal cords are loose and thick! 


Several objects move either so slowly. or so 
rapidly that the ear is not able to. hear. the 
sound produced by them. A ruler fixed at one 
end and plucked at the other will move to and 
fro, but may not produce sound which can be 
heard. The vibration is too slow. A bat.also 
squeaks, but the sound it produces is caused 
by such a rapid vibration that our ears can not 
detect it. 


4.5. CHARACTERISTICS OF A SOUND 
WAVE 


Sounds are usually divided into two. classes, 
musical notes and noises. Sounds which. pro- 
duce a pleasing effect upon the ear are known 
as’ musical sounds, ‘much as ‘those produced 
when we bow a violin string or play upon a 
flute and. other musical instruments. On the 
other hand sounds which are not.pleasing to 
the ear are classed as noises, such as. those 
produced during the explosion of a mixture of 
hydrogen and oxygen or by clapping two 
blocks of wood together or by breaking glass- 
ware on the ground etc. 


A musical sound is. produced by regular 
vibrations with no sudden changes in amplitude 
whereas noises are produced. by irregular vibra- 
tions, 
musical note and another in three ways, 
namely ; by their loudness, their pitch and 
their quality or timbre. These. three 
properties of a musical. note are known as its 
characteristics. In a noise these characteristics 
are not clearly defined. 


(a) Loudness. When you strike. the note 
of a piano gently you will hear a feeble sound 
but when you strike the same note with a 
greater force you will hear a louder sound, 
This shows that the foudness of the note 
depends on the force with which the note is 
hit. You can notice the same. effect in your 
voice ; you require a. greater effort to sp. < 
loudly than to speak softly, Greater the fos- 
greater is the amplitude of, vibration. Tx 
more you stretch the string of a sita .- 
tanpura, the greater will be the’ amplitude of 
vibration of the string and louder. will be the 
sound produced. Thus loudness of sound 
depends’ on the amplitude of the sound 


We can tell the diffecence. between one. 


waves—preatér “the Amplitude, louder the 
sound. It is measured in terms of energy 
carried by sound waves. In other words, it js 
associated with the intensity of sound) which 
is measured by the amount of sound wave energy 
crossing per second per unit urea held perpen- 
dicular 10 the direction of propagation?) ‘It's 
important, therefore, to note that though the 
intensity of sound and loudress“are’rélated to 
each other, they are not the same.) „Whereas 
the intensity of sound depends entirely on the 
energy associated with a unit area of the sound 
wave the loudness depends both on the energy 
and the response of the ear. The intensity of 
a sound waye, is an objective property: which 
can be measured quantitatively by instruments, 
The loudness’of a sound, on the other Hard, is 
a subjective property which depends on.,the 
nature and condition of the ear doing the 
hearing. Also,» the loudness of a sound máy 
vary markedly from individual to individual 
depending’ on“ age, sharpness of ‘hearing, 
amount of wax in the ears-and-other subjective 
factors, . The, intensity,|.of{ ahsound> wave lis . 
Proportional] to the» square.of)theamplitude:ofto 
the. vibrating: particles. in the mediuniand: tol! 
the square.of the frequency.) :The intensity alsow 
depends on the density of the;material, ; i 
(6) Pitch.: This is an important characteristic.’ 
of .a,.musical »sound and) enables ‘the: car to! 
distinguish, between -high:and»Jow, acura andi 
grave,» sharp. and (flatosounds ‘though ‘of ihe 
same loudness... Ait musicabi note. produced >! 
by slow but;audible svibrations::is' said :to’ be ‘of 
low pitch while one of fast-but audible vibra- 
tions is said to: be of high pitch, or instance, 
the notes on theiléft‘end of-a piano are of low 
Pitch, while those on the. right..end are of ay, 
high pitch. “Routing ‘of a’ lion is of low, pitch, 
whereas a wonian’s voice’ is of higher’ pitch. 
When: two snotes® have 'the same ° frequency of . 
vibration;itheir pitch’ isthe same *and® they ate ” 
said to be in unison. (303) 


It can, therefore; -bé-said that;the pitch of 
a note depends on how quickly or how slowly _ 
an object is vibrating sfaster it vibrates, the’? 
higherthe . pitch:..;-1t should. bes clearly, undét- 
stood. that pitch: is. mot. the, sameything aaa 
frequency, butiit is ia sensation), whicho? 
depends upon frequency... Frequency, isthe ai 
fundamental physical property which, indicatesw2 
the number of oscillations of.a...vibrating bodyso2 
The. perceived physiological .response..to,theoiz 
frequency of a sound wave is called the pitch. 


A very simple experiment to show that 
pitch depends upon frequency is as follows. ; 


Take a metal disc having a large number of 
teeth along its circumference mounted in such 
a way that it can be rotated at various speeds 
by a handle. The metal disc is turned at a 
gradually increasing—rate, while_the edge of a 
cardboard is held against- the teeth. At first, 
when the speed is lowy the\tapsare heard’as 
séparate.,:\But) as the -speed of rotation. in= 
creases, the taps succeed each other very 
rapidly and ultimately—blend into a musical 
note, whose pitch increases as the nictal disc is 
made to rotate amore quickly, In_this experi- 
ment, the cardboard is made to vibratéby the 
teeth and the number of vibrations.it makes per 
second depends on the speed of the metal disc. 
Hence we conclude that the pitch of a note is 
determined by the frequency of the vibrating 
body. That the pitch of a note depends upon 
its frequency can also be shown by an instru- 
ment, called, the sirens. At low-speeds, the puffs 
care heard-separately but, | .at-a sufficiently high 
speed, they, blend’, together into| a musical note 
¡whose pitch rises,as the Speed, increases. 


boouPaké aituning fork. The number written on 
it is the frequency with which the tuning fork 
vibrates when struck againstja( rubber pad. “As 
we know, frequency is measured in. hertz (Hz). 
‘One hertz is one vibration per, second, „If. we 
Vibrate tuning forks with different : frequencies, 
We should be'able to distinguish between the 
different sounds. The differences arise because 
‘of the ‘differences. in pitch. Some people, can 
distinguish two notes differing only by a few 
hertz\°The‘human’ ear can ‘hear notes of as low 
a pi. Aas '20°Hz> "Fhe sensitiveness ‘of the'ear 
to.ncwes of higher frequencies decreases sas the 

Children can. hear, notes with 
; ås, Older .people,,cannot. hear 
sound wit quencies above, 15000, Hz. The 
frequency jinge From, 20-e to.20000 Hz.which 
produces the sensation of hearing pis called the 
audible range. Waves with frequencies’; above 
the audible range. are called ultrasonic; waves 
&fid those With “frequencies below. the audible 
range ate Called thifrasonic waves, Whereas -we 
Gdn hear sound with frequencies upto 20000 
Hz? dogs can hear over a much wider range 
(15-~50000°Hz)and ~ bats can hear „upto 
720000 Hz! “Enfrasoni¢ Wayes, are usually pro- 
duééd by large soutces! Wayes originating from 
earthquakes are examples, of infrasonic waves. 


uality or Timbre! This is the charac- 
teristic of;soundsthat enableSus to" know what 
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particular instrument is producing the sound. 
Several instruments may sound a note of the 
same pitch and loudness, yet if you shut your 
eyes you will be able to tell which instrument 
is producing a particular note. You are also 
able to tell without looking. which of your 
classmates is talking or singing, even though 
they may be talking or singing the same thing. 
All this is because the quality of the note is 
different for different sources of sound. The 


sounds produced by musical instruments are 


never pure but ate generally mixed | up) with 

other noies of higher frequencies, which are 

simple multiples of their lowest or fundamental 
notes and called overtones or harmonics. If the 
fundamental frequency is n, the next harmonics 

are 2n, 3n, 4n..... p 
Thus we conclude that quality or timbre 

is that characteristic of a musical sound which 
enables the ear to distinguish between two 
notes of the same pitch and intensity (or loud- 
ness) and it depends upon ‘the presence’ of 
overtones or harmonics. 

46. EAR AS AN, INSTRUMENT OF 
HEARING. (How do we hear sound ?), 
Figure (4.5) is ‘a drawing of the’ human ear. 

The car:collects the sound and we hear it. It per- 
forms the same function as a microphone but in 
a much more complicated and delicate fashion. 
There are three parts to the ear: the external 
ear, the middle ear or drum, and’ the external 
ear (see Fig 4.5). The external ear°acts as’ a 
funnel, collecting the sound. © The ‘sound’ ‘then 
strikes the drum, which begins to vibrate. The 
message now goes ‘to’ the’ internal” ear, which 
passes itto the brain through’ the’ ‘auditory 
nerves in: the form of electric signals. 

The outer ear contains the ear, canal, which 
i$ about! 2.7 cm long and ends at the eardrum. 
The middle ear transmits the sound from the 
eardrum to the oval window which separates 
the middle ear from) the inner: ear. » The! sound 
is transmitted by ; three tiny. bones (ossicles), the 
hammer; anvil and stirrup, which act:as@ lever 
system to, multiply. in the transmission process 
the force applied to’ the eardrum: by\a>factor 
of about 2.. The, pressure atthe oval window is 
increased by a factor of about 40 with respect 
to that on the eardrum, however, because the 
area of the oval window is 20 times smaller 
than the area on the eardrum. [From equation, 


Pressure. (P)= MELA. and:here the force is 
transmitted unchanged (or. slightly, increased) 
by the ossicles, and so the . pressure, . varies 
inversely as the ratio, of. the two areas.. Since 
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Fig. 4.5 The Human Ear 


the area of the oval window is 20 times 
smaller than that of the eardrum, the pressure 
increases by the same factor.] 


The inner ear contains the semicircular 
canals which are important for maintaining 
balance, and the cochlea, a snail-shaped cavity 
filled with a liquid called Iymph. The stirrup 
presses on the oval window and sets up sound 
vibrations in the lymph. Thirty thousand 
sensory cells (organs of corti) located on the 
partition which divides the cochlea into two 
parts detect the sound vibrations in the lymph 
and pass on the signal (nerve impulses) to the 
auditory nerve fibres, which carry them to the 
brain where they are perceived as sounds, 


Because this process is rather complex and 
incompletely understood, we will not dwell 
further on it here. 


The ear is an extremely sensitive detector 
of sound, as good as the most sensitive micro- 
phones made. Thus a displacement of the ear- 
drum by only 10711 m (smaller than the average 
diameter of an atom, which is about 2x 10710 
m) can give rise to a sound which the normal 
human ear can hear. 


Defective hearing can be due to a break- 
down at any point in the ear’s complicated 
sound-transmission system. Hearing aids can 
sometimes help those hard of hearing. These 
are basically combinations of a microphone 
and an amplifier which boost the sound level 
at the eardrum and thus compensate for defects 
in the ear structure itself. 


As mentioned earlier, the human ear can 
pick up vibrations lying within the range of 20 
to 20000 Hz. It can tell the difference between 
sounds and can also pick up a single sound 
from a collection of sounds being produced 
the same time, 


4.7. RESONANCE—(air Columns) 


Every vibrating body has got a natural fre- 
quency of its own. This is the frequency with 
which it vibrates of its own with no external 
force acting on it after it is set into vibrations. 
This frequency depends on many tactors, eg. 
its length, thickness, density of its material, etc. 


When a body vibrates with its natural freq- 
uency, it is said to execute free vibrations. 


_ The strings of musical instruments like 
violin, guitar, Sitar, a tuning-fork and mem- 
brane of a drum have their natural frequencies. 
The top of a table also has a natural frequency 
with which it vibrates and produces sound 
when tapped, though this sound lasts for a 
short time, 


[Itis possible, however, for one vibrating 
object to impress its frequency upon another 
that has a different natural frequency. When 
we hold the stem of a vibrating tuning-fork 
against a table, we listen louder sound of the 
same frequency as that of the tuning-fork. In 
fact the tuning-fork impresses its frequency 
upon the table-top, Energy is transmitted 
through the stem of the fork, and the table is 
forced to vibrate in Tesponse to the periodic 
force thus applied. Such vibrations are called 
forced vibrations, 


When a body is maintained in a state of 
vibration by a periodic force of time period 
different from its own time period, it is said to 
execute forced vibrations. 


Consider now two tuning-forks of the same 
frequency (say 512) mounted on two identical 
hollow boxes and held by two students at some 
distance from each other. Let one student vib- 
rate his tuning-fork and after some time, stop 
it by touching the prongs. The other student 
will discover that the fork which he holds is 
now vibrating feebly (Fig. 4.6). The impact of 
compressions and rarefactions from the first 
fork fell upon the second fork in regular 
succession and caused it to vibrate sympatheti- 
cally. These occur when the natural frequencies 
of the two objects are the same. 


j 
M 


512 


Fig. 4.6 Resonant vibrations in a tuning fork. 


After observing these vibrations as described 
above, let the second student change the 
natural frequency of his tuning-fork by putting 
some wax on its prongs.. The above experiment 
is then repeated. After the first student stops 
his tuning-fork, the second will not find 
his tuningfork vibrating. Why does it not 
vibrate now by the impact of compressions and 
rarefactions which fall on it ? In fact, it 
vibrates and executes forced vibrations. But 
these vibrations are feeble, so much so that no 
sound is heard by the second student. The 
forced vibrations are the largest and produce 
the loudest sound when the frequency of the 
second tuning-fork is equal to that of the first 
One. This phenomenon is called resonance. 
The resulting vibrations are called resonant 
vibrations or sy'npathetic vibrations. 


Whena body is maintained in a state of 
vibration by a periodic force of time period equal 
to its own free period, it is said to execute 
resonant vibrations and the phenomenon is 
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called RESONANCE. 


R It is a special case of 
forced vibrations. 


Soldiers crossing a suspension bridge are 
always asked to break step. If they start march- 
ing across the bridge in step, the frequency of 
their step may agree with he natural freque- 
ncy of the bridge. In that case, the bridge 
structure may be set into violent and dangerous 
resonant vibrations and may even come 
crashing down. 


If wesing a loud note into a piano and 
then bring our ear close to it, the strings 
having their natural frequencies equal to the 
frequency of the note will be found to be set 
into vibration. Similarly, a glass tumbler or a 
piece of china-ware on shelf is set into resonant 
vibrations when some note is being sung or 
played. 


Sometimes a brisk rattling sound appears in 
an automobile running at a particular speed 
but if the speed changes a little, the sound dis- 
appears. The sound is due to the resonance 
taking place between the car engine and the 
rattling object. 


Several toys have been constructed these 
days which respond to a particular word of 
command. Their action depends upon the 
phenomenon of resonance. 


Vibrating air Columns 


Let us take the cap of a fountain pen and 
blow at its mouth. It gives out a typical 
whistling sound. Another similar cap of a 
longer length gives a different sound. The 
whistle is given out because the air column 
inside is set into vibration. 


The natural frequency of vibration of this 
type of the air column depends upon its length. 
It is such that the wavelength of sound in the 
case is four times the length of the air column, 
Thus, if the length of the air column is /, 


A=41 


A column of air of an adjustable length can 
be obtained by having a long tube held verti- 
cally, which can be dipped in a large container 
full of water (Fig. 4.7). Ifa vibrating tuning- 
fork is brought near its mouth, forced vibra- 
tions are set up in the air column inside and 
the resulting sound may increase a little, 


Let the above experiment be tried for diffe- 
rent lengths of the air columns by gradually 
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‘aising the tubs from’ ‘its! lowest” Position. At a 
‘certain length of theair tolu olumn, the, increase 
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Injorder to understand how this happens, 
consider the lower prong of the fork (Fi, 8), 
and suppose that it vibrates between the its 
Aand C. When the prong moves down from 
Cto A,a wave of compression ‘travels’ down 
the tube, undergoes teflection‘at the surface of 
water (a ‘denser medium) and returns.as a wave 
of compression to the mouth of ‘the tube. On 
arriving there, the condensation partly travels 

ards as condensation È d partiy | is 
‘reflected back as a rarefaction, cause the air 
‘Outside the tube is in its norňal_ state while 
that inside the tube is in a state of compression 
and S6 the reflection Here "takes" place at a 
comparatively: rare medium. : (dif: the! prongs has 
by nowslteachedy4 andos: moving)! upwards 
towards G} it; willnalso esefid janwaver! of: rare- 
faction down, the,tube, andoso thectwoy waves 
ofmarefaction will reinfonee, each) others: This 
teinforced warefattionstravels downothe! tube 
and is reflected; back asrai rarefaction When the 
rarefaction-reaches’ the top;i its reflected: down 
as a condensation and, ifsat :ithis; monient}»the 
prong has jreached=G..and,) is; about sto» move 
down,iit will\also send\:a..’condensationi down 
wards, thus, reinforcing othe ycondensation adue 
toireflection. ) Hence motion; oficthe:forkoand 
thatiof the, air-jinside the, tube panei ie 
produes resonances \oiys 2 


x pe an Teach ea Me 
time the pro ci letes on a i 
the wave in pee N a” SANANG 
3- equal,to twice fheslengthi of thedair rcóHimn. 
| ~ HORIZONTAL Hence. the.wayeitrayels,fourstimes theclength 
LEVELLIN’ noqrs * BOARG ofthe .aircdlumn\durings\the tinte wthatathe 
SCREWS ie ad 1 3 prong:cempletes its one; vibrationiv Sineeothe 
Fig. 4.8. Resonance iube n distance that a wave travels in one time-period 


is equal to its wave-length, it is clear that the 
wave length of the note is four times the length 
of the air column. i.e., \=4l, 


Since V=pA, therefore, V=4y/. 
If the length of the air column is increased 


by another one half wave length ( + i: Teso- 


nance will occur again. In fact, we can con- 
tinue to increase the length by half wave 
lengths and find resonance positions. 


It was shown theoretically by Lord Rayleigh 
that the reflection of a wave at the open end 
takes place not exactly at the end, but a little 
way beyond it and so the effective length of the 
air column (/) must be taken to be a little 
longer than / considered in the formula V=4yl. 
It was found to be 0°3 D where D is the inter- 
nal diameter of the tube. This is called the 
end correction. 

All bodies have their natural frequency of 
ivbration. When we apply a small signal of 
the same frequency to the body, the signal is 
greatly amplified and this is called resonance. 

SOLVED EXAMPLES 
Example 1. 

At the beginning of a 109 m dash the start- 
ing signal is a gun shot fired by a starter in 
line with the runners. There are eight lanes, 
each 1:22 m wide. 

(a) What is the time delay between the 
starting signal heard by the sprinter in lane ! 
and by the sprinter in lane 8? 

(b) Could this have any effect on the out- 
come of the race? 100m can be covered in 
about 10 seconds by good sprinters. 


[Velocity of sound in air at 20°C=340 m/s]. 


Solution 
(a) The distance between lane 1 and lane 8 
is 7X 1:22 m=8'54 m 
Since, 
distance 
Time 
distance 
speed of sound 
8:54 
=-340 0 40 025 s 


«<. The time delay between the signals 
reaching the two runners is 0:025 second. 


Speed of sound= 


F Time= 
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(b) Since 100 m can be covered in about 
10 s by good sprinters, their speed average is 
10 m/s. Hence the distance corresponding to 
a time delay of 0:025 s 

=0°025 x 10=0:25 m 

In a very close race this distance of almost 
a foot could well be decisive. 

Example 2. 

Resonance was observed with an air column 
when its length was 16 cm. If the frequency 
of the tuning fork is 512, calculate the velocity 
of sound. 

Solution. 

For the first resonance in air column we 
have, V=4v/ 
where V=Velocity of sound in air 

v=frequency of the tuning fork or that 
of the air column at resonance 
/=length of the resonating air column, 
Velocity of sound= F =4x 512 x 16 cm/s 
=32768 cm/s=327'68 ms! 
Example 3. 

A tuning fork is sounded above a tube filled 
with water. As the water level is changed, 
resonances are heard at two different points 
34 cm apart. Given the velocity of sound to 
be 350 ms“1, find out of frequency of the 
tuning fork. 

Solution. 
For the first resonance to take place, the 


length of the air column (/;) must be me where 


FIRST 
RESONANCE 


SECOND RESONANCE 


Fig. 4.9. 
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à is the wave length of the sound emitted by 
the tuning fork. Ifthe length of the column 
is increased by another + resonance wiil again 


occur. Therefore, the length of the air column 
(l2) for second resonance to take place is 


fk kone 
(+ pi z a (Fig. 4.9). 
b-h=2\— * =À =34 em (Given). 


à=34 x 2=68 cm=0 68 m 


Velocity of sound = V=350 ins~! (Given) 
Frequency of the tuning fork=»= ? 


Since, V=vaA 


Example 4. 


Velocity of sound in iron is 5000 m/s. 
What is the wave length of sound of frequency 
(i) 20 Hz, and (i) 20000 Hz? 


Solution. 


(E) a V=v\ 
Here, V=5000 m/s 


v=20 Hz 


=; 


Example 5. 


Two children are at opposite ends of an 
iron pipe. One strikes one end of the pipe 
with a stone. What is the ratio of times it 
takes the sound waves in air and in iron to 
reach the second child ? Velocity of sound in 
air is 344 m/s and velocity of sound in iron is 
5120 m/s. 


Solution. 


The time necessary for a sound wave of 
velocity v to travel the length of the pipe / is 
found from /=yr or 


1 
t=— 
v 
The ratio of the times for air and iron is 
4 
tair _ Voir _ Viron _ 5120 _ 
e ae a l 
Viron 


. This means sound travels faster in iron (i.e. 
in the denser material) than in air. 


1. 


2. 


SUMMARY 


When a body vibrates in air, it forces the molecules of air to vibrate with it. This produces 
longitudinal waves, which we call the sound waves. 


The properties of sound waves depend upon the elasticity of air and are also called elastic 
waves. 


Sound waves propagate through ali the three types of media i.e, solids ; liquids and gases. 


Material medium is essential for the transmission of sound and the loundness of sound depends 
upon the density of the medium in which it originates (and not on the density of the medium 
in which it is heard). 


Sound travels with a definite speed, The speed of sound is different in different medium. In 
air at 0°C, it is 332 ms-*.: The speed of sound is maximum in solids, less in liquids and least in 
gases. The velocity of sound increases with the increase in temperature of the medium. With 
humidity also, the speed of sound increases. The velocity of sound in a gas is not affected by 
any change in pressure, provided the temperature remains constant. 


We can produce sound either by making strings vibrate or by making plates and membranes 
vibrate. For us the most important source of sound is the human voice box. 


Sound produced by any of the methods may be characterized essentially by three properties : 
loundess ; pitch and quality. 


i 


10. 


11. 


12. 


13. 
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Loudness of sound depends on the amplitude of the waves—greater the amplitude, louder the 
sound. 

It is the perceived strength of a sound and is, therefore, measured in terms of the energy 
carried by sound waves. 

Pitch is the perceived physiological response to the frequency of a sound waye. The pitch 
of sound is determined by the frequency of the vibrating body which gives out the sound. 

The frequency range from 20 Hz to 20000 Hz which produces the sensation of hearing is called 
the audible range. 

Waves with frequencies above the audible range are called ultrasonic waves and those with 
frequencies below the audible range are called infrasonic waves. 

Quality (or Timbre) is that property which enables the ear to distinguish between two musical 
sounds having the sams loudness and pitch. It depends upon the presence of overtones or 
harmonics. 


Physical property Corresponding physiological property 
Intensity à Loudness 
Frequency Pitch 
Harmonic content Quality or timbre 


We hear with our ears. The ear may be divided into three main parts: (i) the outer 
ear, (ii) the middle ear, and (iii) the inner ear. 


Resonance in sound is a phenomenon of forced vibrations due to which sound waves can be 
produced with a large amplitude or intensity. 


All bodies have their natural frequency of vibration. When we apply a small signal of the 
same frequency to the body, the signal is greatly amplified and this is called resonance. 


QUESTIONS 


Ka) Objective-Type Questions : 
1. 


anay 


The speed of sound in metals exceeds its speed in air by about : 
(a) One order of magnitude 
(b) Two orders of magnitude 
(c) Three orders of magnitude 
(d) Four orders of magnitude 
(e) They are about equal. } 
ae wavelength of a 5000 Hz sound wave having a speed of 59x103 m/s in steel is 
about : % 
(i) 1 pm 
(ii) 1 mm 
(ii) 1 cm 
(iv) Im 
0) 1 km 
Ifa material is hard to compress, its velocity of sound is... -............. 
High frequency sound waves hayve........-...-..0+ wavelengths. 


Loudness of a musical sound depends on...... s... 
If the frequency of vibration of an object inair is increased, the characteristic of the 
resulting wave which much change is the 

(a) amplitude 

(b) speed 

(c) wavelengtt 

(d) intensity. 
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10. 


11. 


12. 


13. 
14. 


15. 
16. 


17. 


The lowest audible sound frequency for most people, in hertzs, is about 

(i) 6 

(ii) 20 

(iii) 60 

(iv) 256. 

A sound wave in air has a frequency of 1000 Hz. Its period is................++ 


If the speed of a sound wave in air is 350 m/s and its frequency is 700 Hz, the wave- 
length is.................. 


The sound waves of high frequency are called............ ..... and the sound waves of low 
frequency are called.................. 


When a body is maintained in a state of vibration by a periodic force of time-period 
equal to its own free period, the resulting phenomenon is known as 

(i) Interference 

(ii) an echo 
(iii) resonance 

(iv) polarization. 


The note produced by the simplest mode of vibration is known as................+. note and 
other notes of multiple frequencies are known as 


Velocity of a sound wave=wavelength x 


When a body vibrates with its natural frequency, itis said to execute 
vibrations. 


The velocity of sound in water is.................. than the velocity of sound in iron. 


The pitch of sound is determined by the.................. of the vibrating body which gives 
out the sound. 


'B] Very Short Answer-Type Questions 


1 
2. 


O ernauw aw 


What is the source of sound ? 


A tuning fork vibrating in air sets the molecules in the air in motion, How does the 


her be! of vibration of these molecules compare with the frequency of the tuning 
‘or: 


. How are frequency and time period of a sound wave related to each other ? 

. What kind of a wave is sound ? 

. If the two tuning forks are in resonance, what is true of their natural frequencies ? 
. How does the velocity of sound in air depend upon its temperature ? 


How does the velocity of sound in air depend upon pressure ? 


. How does the velocity of sound in air depend upon humidity of air ? 


. Cana sound wave travel through vacuum ? 


ie a 
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10. Name three sources of sound. 

11. What is the speed of sound in air at 0°C ? 

12. What is the speed of sound in water at room temperature ? 

13. What is the speed of sound in iron ? 

14. Can astronauts, on the surface of moon, converse with each other as on earth ? 

15. Name the three tiny bones in the middle ear. 

16. Name three main parts of the ear. 

17. What are the next two harmonics of a vibrating string whose fundamental frequency is 
256 Hz? [Hints : 512 Hz & 768 Hz] [A.L.S S. 1987] 


IC] Short Answer Type and Essay Type Questions 


1, Would you expect a sound heard under water to have the same frequency as when 
heard in air if the sources vibrated identically ? Explain. 


2. Describe clearly why a bell ringing inside a vacuum chamber cannot be heard on the 
outside. 


3. When a deep-voiced man inhales hydrogen and then speaks, his voice sounds high- 
pitched. Why? 


4, It has been claimed that a certain singer could shatter a glass goblet by singing a 
particular note, Could this be true? Explain. 


A siren can be made by drilling equally spaced holes on a circle concentric to the axis 
of a solid metal plate or disk. When the disc is rotated while a jet of air is blowing 
| against it near the holes, a siren like tone is given off. Explain how this gives the 
sensation of sound to the ear, and state what factors influence the pitch and quality of 
the tone. 


6. (a) Ina travelling soundwave are there any particles which are always at rest as the 
wave passes through ? 


(b) Are there any particles which are sometimes at rest? Indicate which particles, 
and for how long they remain at rest. 


7. Perhaps you have experienced the fact that some people have a harder time than others 
in carrying an ice-cube tray filled almost to the top with water without spilling the 
water. If we presume that all the people involved exercise equal care to avoid spilling 
the water, what might be a reasonable physical explanation of the different results ? 


8. What are the main characteristics of sound waves ? Discuss them. 
9. Explain the working of human ear with the help of a diagram. 
10. A tuning fork and a violin produce sound of the same frequency. How can these be 
still distinguished ? 
11. What is resonance ? How will you demonstrate the phenomenon of resonance ?)[4./.S.S. 1987] 
12. How are sounds produced ? 
13. Distinguish between intensity and loudness. 
14, Distinguish between frequency and pitch. 
15. How do the vibrations of the source of a musical tone differ from the vibrations of the 
source of a noise ? 


16, Whatis the range of audio frequencies? What name is applied to sound vibrations 
(i) below the audio-range ; (ii) above the audio-range ? 


5 


116 


23, 


24, 


35. 


36. 


. Why does a tuning fork sound louder when its stem is pressed against a table top ? 

. What conditions are necessary to produce resonance yi 

. The human ear is said to be a very sensitive instrument. Give reason to support this. 

. A person listening near one end of along iron pipe hears two distinct sounds when the 


other end is struck with a hammer. Explain this and show why the two distinct sounds 
are not heard at precisely the same time. 


. Why is it difficult to hear a person speaking in the open air? Why is he heard distinctly 


when he uses a hollow cone with the apex at his mouth ? 


. In the track evente at athletic meetings should the time keepers start their watches with 


the flash of the pistol or with its sound? Explain your answer. 

The sound of soldiers marching can be heard by placing the ear on the ground, whereas 
it cannot be heard if the ear is at a little distance from the ground. Explain. 

Show how the following factors affect the speed of sound in air 


(a) the direction of the wind 

(b) the presence of water-vapour in the air 
(c) temperature 

(d) change in pressure 


. State the three characteristics of musical sound and state on what each of them 


depends, 


. When you stand outside a room why are you able to tell whether the sound produced 


inside the room is that of a piano or that of a violin ? 


._ A sound of high pitch is heard when the teeth of a circular saw meet the wood, but 


the pitch is reduced as the saw cuts through it ? Explain. 


Will a sitar note sound the same in the cold season as in the hot season ? Explain. 
. Why does a violinist coming from outside have to retune his violin on entering an air- 


conditioned (i.e., a very cold) room ? 


. On what does the pitch of the note given by a vibrating column of air depend ? 
. What is resonance ? Why do windows sometimes rattle when the low notes of a pipe 


are sounded ? Do you think windows could be broken in such a manner ? 


, Why are marching soldiers commanded to break step when they are crossing a long 


bridge ? 


. Describe briefly how you can demonstrate resonance in a vibrating air column. 


What property or characteristic of a note is affected by the width of a pipe? Is it the 
pitch, the loudness or the quality ? Exn'sin. 


(a) Define : Free vibrations ; Forced vibrations and Resonant vibrations (or sympa- 
thetic vibrations). Give an example of each. 


(b) How do we find the velocity of sound in air using resonance tube apparatus j 
The steam of the railway engine is seen first and the whistle is heard a little later. Why ? 


7, During a thunderstorm one sees the lightning much before one hears the thunder, 


though both lightning and thunder occur simultaneously. Explain. 


Hold a vibrating tumbler close to the ear. You will heara clear humming sound. 
Why ? 


m. 
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PROBLEMS 


. The velocity of sound in seawater is 1531 m/s. Find the wavelength in seawater of a 


sound wave whose frequency is 256 Hz. (Ans. 5:98 m] 


. A tuning fork vibrating at 300 Hz is placed in a tank of water. (a) Find the frequency 


and wavelength of the sound waves in the water. (b) Find the frequency and wavelength 
of the sound waves produced in the air above the tank by the vibrations of the water 
surface. The velocity of sound is 1498 m/s in water and 331 m/s in air. 

[Ans. (a) 300 Hz ; 4°99 m (b) 200 Hz; 1°10 m] 


. The velocity of sound waves in air at sea level is 331 m/s, Find the wavelength in air 
[ 


of a sound wave whose frequency is 440 Hz. Ans. 0°75 mj 


. A tuning fork vibrating at 600 Hz is immersed in a tank of water, and the resulting 


sound waves in the water are found to have a wavelength of 2-5 m. What is the velocity 
of sound in the water ? [Ams. 1500 m/s] 


. A tuning fork of frequency 512 Hz was sounded over a resonance tube which has its 


lower end immersed in water. Resonance was obtained whe. the length of the air 


column was 151 mm and 483 mm. Calculate the speed of sound in air. 
[Ans, 339°97 ms~}] 


. Velocity of sound in air is 330 m/s. What will be the wavelength of sound of frequency 


(i) 20 Hz (ii) 20000 Hz (ii) 50000 Hz and (iv) 120000 Hz 
(Ans. (i) 16°5 m; (ii) 1°65 cm (iii) 0:66 cm (iv) 0-275 cm] 


. A tuning fork of frequency 384 Hz sends a sound wave in the air column witha 


velocity of 350 m/s. What is the minimum length of the air column required 
to get the resonance ? [Aus. 0°23 m} 


. The measured time interval between our seeing the lightning and our hearing the 


thunder is 5 seconds, What is the distance of cloud from us ? Velocity of sound in 
air is 333°3 m/s. (Ans. 1'7 km] 


Calculate the time taken by light to travel a distance of 100 km. Velocity of light is 


3x '08 m/s. [Ans. 33x 10-4 s] 


. Calculate the length of a narrow tube closed at one end which will resonate with a 


tuning fork of frequency 510 Hz if the velocity of sound is 340 m/s. [Ans. 16°7 cm] 


The length of a cylindrical glass tube whose one end is closed and flat is 30 cm, The 
velocity of sound in air is 330 m/s. What is the fundamental frequency of vibration of 
the air column ? [Ans, 275 Hz] 


A man sets his watch by the noon whistle of a factory at a distance of | km How 
many seconds is his watch slower than the time piece of the factory ? Velocity of sound 
in air=322 mis, [Ans. 3/0! s] 


CHAPTER 5 


Reflection of Light 


5.1. INTRODUCTION 


Light is radiation that can produce the 
sensation of sight. Light isa form of energy. 
‘The sun, the stars, electric light bulbs, fluores- 
cent lights, sodium vapour and mercury vapour 
lamps and many other things emit light. Such 
luminous bodies act as sources of light. Highly 
polished surface sends back most of the light 
ina definite direction that falls on it while 
light is scattered by a rough surface. When 
light is absorbed by a black oil, the tempera- 
ture of the oil rises. Special type of curved 
mirror gives enlarged image as well as dimi- 
nished image while the plane mirror does not. 


Let us-find answers to such type of ques- 
tions in this unit. 


When you switch on your torchlight on a 
misty evening or you watch the light from a 
car head lamp you will notice that the beam 
of light that leaves your torch or the car head- 
lamp is a straight one. This is enough to 
suggest that light travels in a straight line, i.e., 
light has rectilinear propagation. To show 
that light travels in a straight line, take two 
pipes (metal or cardboard), one straight and 
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Fig. 5.1 


the other bent as shown in Fig. 5.1 (b) and a 
candle flame. 


Place the candle flame near one end of the 
straight pipe and look at it through the other 
end. Now replace the straight pipe with the 
bent one. What have you observed in both ? 


In the first pipe you will see the light from 
the candle very clearly, while in the second 
pipe you will not see the light at all. This is 
because light can travel only in a straight line. 
It must be mentioned here that light can bend 
round small obstacles, sharp edges and corners, 
but this bending, called the diffraction of 
light cannot be detected by any simple experi- 
ment. Therefore, for all ordinary purposes 
the light may be assumed to travel in a straight 
line. Our inability to see things round the 
corner of obstacles, the casting of shadows by 
objects placed in the path of light are due to 
this property. 


*How can light travelling in a straight line 
produce a picture? Try the following experi- 
ment. 


_ Take a cigarette tin or cardboard box, 
tissue paper, candle flame and a sharp pointed 
nail. Take off the cover of the cigarette tin 
or the cardboard box and replace it with ordi- 
nary tissue paper. Make a very tiny hole with 
a sharp nail at the centre of the bottom of the 
tin or the box. Now let it rest on its side and 
place the candle flame near the hole in a dark- 
sned room. Have alook at the tissue paper. 
What do you see? In Fig. (5.2), XYNM is a 
tin, His a hole and MN is the tissue paper 
screen. 


You will see that clear inverted picture of 
the candle flame has been formed on the 
screen MN. Now proceed thus : 


*For extra knowledge only as it is not in the syllabus. 
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(a) Move the candle flame farther and 
farther away from the hole and note the size 
and brightness of the image. 


(b) Make the hole a bit larger and note 
what happens to the picture ? 

Fig. (5.5) (a), (b) and (c) show how the 
picture of the candle flame is formed on the 
paper. Rays of light from the flame strike 
face XY. Most of them are stopped by the 
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Fig. 5.3 
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opaque tin, while tho rest pass through the 
tiny hole. Since light has rectilinear propaga- 
tion, a ray from the tip A of the flame would 
pass through the hole to 4’, while a ray from 
B would pass through the hole to B’. Thus on 
the paper screen there will appear an image of 
the flame upside down. As the flame is moved 
away from the hole the image on the screen 
(MN) gets shorter and shorter and also less 
bright. Fig. (5.4) shows what happens when 
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the hole is made bigger. Instead of very 
narrow beams coming from each point on the 
flame as shown in Fig. (5.3) (a), (b) and (c), 
we now have a cone of rays from each point 
passing through the hole to the screen. The 
result is that the various cones overlap (i.e., 
fall on one another) on the screen, and what is 
seen isa blurred image i.e., an image whose 
outline is not well defined. The single rays 
drawn in Figs. (5.2) and (5.3) are really tiny 
cones of rays, but they are so tiny that we can 
call them straight lines. 


If the tissue paper MN is replaced by 
photographic plate or film and the whole tin 
or box properly darkened, a good photograph 
of the candle flame can be taken, That is 
why the arrangement is known as a pin-ho'e 
camera. It has the adyantage that the pi.- 
ture will be in focus, no matter where the 
object is, but the main difficulty is that a long 
exposure is required, since only a little light 
can pass through the tiny hole. As you pro- 


bably know, long exposures are not good for 
the film. 


Fig. 5.4 


Note that the image formed by a pin-hole 
camera is real (i.e. it can be collected on a 
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screen) and inverted, and that its size depends 
on the distance of the object from the pin-hole 
Living object cannot be photugraphed by 
means of a pin-hole camera while landscape 
photographs of great beauty can be made by 
its use. The picture is free from the defect of 
distortion and curvature. 


5.2. REFLECTION AT PLANE 
SURFACES 


When light falls on a body, three things 
can happen to the light : 


(a) It can be sent back into the medium 
from which it was coming ; that is, it can be 
reflected, Itis this reflected light coming to 
our eyes that enables us to see the body. 


(b) In can be allowed to pass through the 
body ; that is, it can be transmitted. Only 
transparent and translucent bodies transmit 
different amounts of light. 


(c) It can be absorbed. All bodies absorb 
light, but they absorb different amounts of it. 


Every object reflects light, but the amount 
of light reflected is different for different 
objects. A highly polished or smooth surface, 
which reflects a major portion of the light 


, incident on it, is called a mirror or a reflec- 


ting surface. Once of the best reflectors of 
light is the plane mirror which can easily be 
produced by painting or silvering one side of 
plane glass. 


5.3. REGULAR AND DIFFUSE 
REFLECTION 


If you hold a plane mirror and a sheet of 
cardboard in front of you, you will see your 
face in the mirror but not in the cardboard, and 
yet both objects are reflecting light. The fact 
is that the mirror is reflecting the light regu- 
larly , as shown in Fig. [5.5 (a)], while the 
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Fig. 5.5 


cardboard reflects it irregularly, i.c., diffuses 
or scatters it, as in [Fig. 5.5 (b)]. it is possibly 
with the former to form an image which 
appears behind the mirror, as you will see it 
later, but the cardboard cannot form an image. 
In the same way the rough surface of a table 
scatters light but when it is polished the tiny 
holes are filled with polish so that the table now 
reflects light regularly and you are able to see 
your face in it. 


If a parallel beam of light falls on a smooth 
surface, the reflected beam also proceeds asa 
parallel beam, each ray having obeyed the 
laws of reflection [See Art 5.5]. If, however, a 
parallel beam falls on a rough surface like that 
of a blotting paper, regular reflection still takes 
place from each tiny element of the reflecting 
surface, but since these elements are not 
regularly arranged, the reflected rays go in 
various directions for any given direction of 
the incident rays, causing scattering or diffusion 
of light. 


This diffused reflection is of great practical 
interest. In a cinema house the screen is rough 
and the light falling on it gets scattered in 
all directions enabling every person sitting 
inside the hall to see the picture on the screen. 
The snow on the hills appears equally bright 
from all directions due to the roughness of its 
surface. When it melts, its surface become 
smooth and it reflects light in one direction 
only and, as a result, it does not appear equally 
bright from everywhere. 


5.4. SOME DEFINITIONS. 


Please refer to Fig. 5.7 


Mirror : A highly polished or a smooth 
surface from which most of light is reflected 
is called a mirror. The mirror is called plane 
mirror, spherical mirror or parabolic mirror, 
according as the reflecting surface is plane, 
spherical or paraboloid. The mirrors may be 
of polished metals or silvered glass. 


Normal : The normal to a reflecting surface 
at any point is straight line drawn perpendi- 
cular to the tangent plane to the surface at 
that point. In the case of plane surface, the 
normal at any point is the perpendicular to the 
surface at that point. If the surface is spherical, 
the normal at any point coincides with the 
radius drawn through that point. 


Ray of Light: The direction of path of 
light emanating from a source is called a ray. 
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Rays are represented with straigbt lines with 
arrows marked on them. 


_ Incident Ray : The ray coming to the reflect- 
ing surface is called the incident ray. 


Reflected Ray: The ray going away from 
the reflecting surface after suffering reflection 
is called the reflected ray. 


Point of Incidence: The point at which 
the ray strikes the surface is called the point 
of incidence. 


Angle of Incidence: The angle of incidence 
is the angle between the incident ray and the 
normal to the reflecting surface at the point 
of incidence. 


Angle of Reflection : The angle of reflection 
is the angle between the reflected ray and the 
normal to the reflecting surface at the point 
of reflection which coincides with the point of 
incidence. 


Plane of Incidence: The plane of incidence 
is the plane containing the normal and the 
incident ray. 


Plane of Reflection: The plane of reflection 
is the plane containing the normal and the 
reflected ray. 


5.5. LAWS OF REFLECTION. 


When a beam of light strikes a mirror it is 
reflected in accordance with the laws of reflec- 
tion enunciated below (Fig. 5.7]. 


(1) First Law of Reflection, The angle 
of incidence (i) is equal to the angle of reflection 
(7). 


(2) Second Law of Reflection. The 
incident ray, the normal to the surface at the 
point of incidence, and the reflected ray lie in 
one and the same plane. 


5.6, VERIFICATION OF LAWS OF 
REFLECTION. 


(a) Hartle’s Optical Disc Method : The 
laws of reflection may be conveniently verified 
by Hartle’s Optical Disc (Fig. 5.6). it consists 
ofa white cardboard circular disc graduated 
in degrees. At its centre, a plane mirror AB 
is fixed along XY, a marked diameter of the 
disc by means of screws, The plane of mirror 
is in a plane perpendicular to the plane of the 
disc. The disc is held in a vertical plane and 
can be rotated about a horizontal axis. The 
line MN drawn perpendicular to XY through 
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Fig. 5.6. 


the centre of the disc shows the direction 
of the normal and coincides with the zero mark 
of the graduations. CD is a circular screen 
pierced with a slit S to admit light from an 
arc lamp. 


Allow a beam of light to pass through 
the slit S so that it falls on the plane 
mirror AB. The paths of the incident 
and reflected rays can be seen and the 
angles they make with the normal MN read 
off. The angle of incidence may be varied by 
rotating the graduated disc. It will be found 
in all cases that the angles of incidence and 
reflection are equal proving the truth of the 
first law of reflection Since the incident ~ y, 
reflected ray and the normal MN lie in > 
plane of the cardboard, the second law <? 
reflection stands verified. 


(b) Laboratory Method : A simpler 
laboratory method of proving the laws of 
reflection is given below. 


Fix a large sheet of white paper on a 
drawing board and mark a straight 
line AB on it (Fig 5.7). Support vertically 
a piece of plane mirror in the groove cut 
in a side of a block of wood W. Place the plane 
mirror with its silvered surface on the line AB 
Fix a pin Q near the front surface of the plan 
mirror. Fix another pin P at a distance c 
about 10cm from Q in an oblique directior 
View the images of P and Q in the mirror an 
adjust the eye until the image of Q covers tha 
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Fig. 5.7. 


of P. Keeping the eye in this position fix two 
pins Rand Sata distance of about 10 cm. 
apart so that these two pins are in line with 
the images of P and Q. The pins should be 
vertical. Remove the pins. Circle the pinpricks 
and draw lines PQ and SR. Let them meet 
at C. Draw CN perpendicular to AB at C. 
Measure 7 PCN(=i), the angle of incidence 
and ZSCN(=r), the angle of reflection. It will 
be found that i=r. This proves the first law of 
reflection. 


The join of the feet of the pins P and Q 
forms the incident ray and the join of the 
feet of the pins R and S forms the refiected 
ray. The feet of the pins lie in the plane of the 
paper. The normal CN also lies in the plane 
of the paper. Hence, the incident ray PQ. 
reflected ray RS and the normal CN lie in one 
and the same plane. This proves the second 
law of reflection. 


5.7. IMAGE 


Ifa pencil of rays diverging from 
a point, O, is caused by reflection (or 
refraction) to converge to or to appear to 
diverge from some other point, I, 
then I is called the image of the object 
oO. 
If the reflected (or refracted) rays of light 
actually pass through the second point I, the 
image is called the real image. If, on the 
other hand, they appear to diverge from 
the second point I, the image is called the 
virtual image. 


In other words, an optical image of a point 
is the point of intersection, real or virtual, of 
the reflected (or refracted) rays of light. Hence 
in order to fix the position of an image of a 
point we have to trace the path of at least two 
rays by which it is formed. 

A finite object is merely an assembly of 
points. Consequently, the image of a finite 
object is an assembly of image-points corres- 
ponding to the object points. 

It may be pointed out here that the picture 
formed by a pin-hole camera is not at all an 
optical image as the path of light is not chang- 
ed in any way in passing through the pin-hole 
and the rays do not intersect upon the screen. 


5.8. FORMATION OF OPTICAL IMAGE 
BY A PLANE MIRROR 


r Let Mı Mz be a plane mirror placed at 
right angles to the plane of the paper (Fig. 5.8). 
Let L be a luminous point-object placed in the 
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plane of the paper. Let LA be any ray incident 
on the plane mirror at A. The normal AN is 
drawn at A. Then the reflected ray AR will lie 
on the other side of the normal AN such that 
the angle of reflection RAN is equal to the 
angle of incidence LAN. 


Draw LE perpendicular to My Mg. This 
incident ray LE will be reflected back along 
EL, Produce EL and AR backwards so that 
these appear to diverge from J. Then J is the 
virtual image of L. 


LI and NA are parallel as they are both 
perpendicular to the same line My M2. Hence, 


LRAN= ZAIE IN 
[being corresponding angles] 


_ But LRAN= LLAN [~ Angle of reflec- 
tion=Angle of incidence] 


= ALE ++(2) 
[{.' ZLAN and / ALE are alternate angles] 
From eqs. (1) and (2), we have 
LAIE= 2 ALE 
In As ALE and AIE, 
AE is common / ALE= / AIE [vide eq. 


...3) 


(3), 

LAEL=90°= 7 AEI [' LEMM] 

As, are congruent. 

Hence LE=EI «-(4) 

This result is independent of the point of 
incidence as shown by LA’ and A'R’ rays. 
Hence we come to the conclusion that all the 
rays starting from Z after reflection appear to 
diverge from J. In other words, / is the optical 
image of L. 


Thus the image formed in a plane 


. mirror lies as far behind it as the object 


lies in front of it. 


The path of the ray LA’ B is turned through 
an angle given by 


ZR'A'B=180°— Z LA'R' 
=!80°—2x Z LA'N' 
=180°—2 xangle of incidence 
(CT. 


M] 


This change in the direction of the path 
of light is called the deviation. 
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5.9. IMAGE FORMED BY PLANE 
MIRROR LIES AS FAR BEHIND IT 
AS THE OBJECT LIES IN FRONT 
OF IT. EXPERIMENTAL 
VERIFICATION 


Take a plane mirror M;Mgz supported in a 
groove cut in a side of a block of wood W and 
place it, as in art. 5.7, with its silvered side 
on the line AB drawn on a large sheet of paper 
fixed on a drawing board. Fix a pin O ver- 
tically in front of the plane mirror M Mo. 
View the image Z of the pin O along PQ 
(Fig. 5.9) and fix vertically two pins P and Q 


Fig. 5.9 


so that they are in straight line with the image 
I. Similarly, view the image J along SR and 
fix vertically two pins R and S so that they are 
in straight line with the image 7. The distance 
between P and Q or Rand S should be about 
10cm, Remove the plane mirror and join the 
pricks of P and Q, and R and S. Let PQ and 
SR, when produced, meet at J which is the 
virtual image of O. Join OI. Let OI cut AB 
at E, On measurement, it will be found that 
IE=OE. 

Thus it proves that the image formed in a 
plane mirror lies as far behind it as it lies in 
front of it. 


5.10. REFLECTION OF A CONVERGENT 
PENCIL BY A PLANE MIRROR 


Let a convergent pencil of light, KL, be 
incident on the plane mirror M,Mz at AB 
(Fig. 5.10). If the plane mirror MyM2 had 
been absent, the pencil would have converged 
toa point O. Due to the presence of the plane 
mirror M1Mp, the rays after reflection intersect 
at I such that JC=OC. 


Mi UK 


Fig. 5.10 


When the eye is placed at E, it sees 
real image I. Notice that it is only in the 
case of a convergent pencil that a real image is 
formed ina plane mirror. In all other cases 
the plane mirror always gives a virtual image. 


5.11. IMAGE OF A FINITE OBJECT IN 
A PLANE MIRROR 


Let a ünite object OO" be placed in front of 
a plane mirror MyM. [Fig. 5.11(5)]. From O 
and O' draw ON and O'N’ perpendiculars on 
MıMə. Produce ON to I such that IN=ON 
and O'N' to J’ so that I’N’=O'N’. 


Then 7 and I’ are images of O and O' 
respectively. 


„Proceeding in this way, the images of all 
points lying between O and O’ will be found 
to lie between Fand J’. The image II’ is erect 
but laterally inverted i e., the right-hand side 
of the object becomes the left hand side of the 
image. 


Tn order to trace the course of rays by 
which the image JI’ js seen, proceed as 
follows : 


Join I, the image of O, to the extremities of 
the eye E cutting the plane mirror at 4 and B. 
Join Aand B to O. Similarly, Join I’, the 
image of O’, to the extremities of the E cutting 


Da 


SSE N 


the plane mirror at A’ and B’. Join A’ and B’ 
to O'. It is clear from the Fig. 5.11(6) that I’ 
is seen by the cone of rays contained between 
OAE and OBE whereas I’ is seen by the cone 
of rays contained between O'A’E’ and O'B'E. 


MIRROR 


Fig. 5.11(a). The image formed by a plane mirror 
is reversed right'and left. Observe that the image of 
the right hand has the symmetry of a left hand, 


Fig. 5.11(b) 


It is interesting to note that to see the 
image of OO' only the small portion AB’ of the 
mirror is used.- The remaining portion of the 
mirror is useless- The size of the mirror 
required to see the image of an object depends 
upon the position of the object and the eye. 
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_ An other point which may be borne in mind 
is that to see the image of an object, it need 
not be directly in front of the plane mirror. 


5.12. ROTATION OF A PLANE MIRROR 


Let the mirror MM be rotated through 
an angle 6 when 40 be the incident ray of 
light. The direction of the reflected beam 


Fig. 5.12 


depends upon the position of the mirror, 
Hence, if this be changed, the direction of the 
reflected beam will also change. In Fig, 5.12 
the angle through which the reflected Tay of 
light gets rotated is 7 B,OBy. 


Now 4 BjOBo= / NoOBy— ZLN2OB, 
= AON2— ZN20B, 
=[Z AON, + ZN\ON2)}— [ZN,OB,— ZN,ON9) 
= ZAON+ 26— LN OB + 26 
=Z AONı+ Z0- ZAON,+ 26 
=2/0 
Hence for a fixed incident ray, when a 


mirror rotates through a certain angle, the 
reflected ray rotates through twice that angle. 


Sextant is an optical instrument which is 
based on this principle. 


5.13. SPHERICAL MIRRORS 


A spherical mirror is a part of a hollow 
sphere or a spherical surface whose one side is 
silvered and other side is polished (Fig. 5.13). 
It is either concave, or convex, according as 
the reflecting surface is towards, or away from, 
the centre of the sphere of which it forms a 
part (See Fig. 5.14). Before proceeding further, 
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(A) CONCAVE MIRROR 


Fig. 5.13. Circular Sections of spheres form spherical mirrors. 


certain physical terms relating to the spherical 
mirrors are defined below. (See Fig. 5.13). 


Centre of Curvature. The centre of 
curvature, C, is the centre of the sphere of 
which the spherical mirror forms a part. 


Radius of Curvature. The radius of 
curvature is the radius OC or PC of the sphere 
of which the spherical mirror is a part, 


Normal, A radius drawn through a point 
on the spherical mirror is the normal to the 
mirror at that point. OC is the normal at O. 


Vertex or Pole. The mid-point, P, of the 
spherical mirror is called its pole or vertex 


Linear Aperture. The diameter, MıMo, 
of the spherical mirror is called its linear 
aperture. 

Angular Aperture. The angle MıCM2 
subtended by the diameter of a spherical mirror 
at its centre of curvature is called its angular 
aperture. 


CONCAVE MIRROR 


Fig. 5.14 


(B) CONVEX MIRROR 


Principal Axis. The straight line, PCB, 
passing through the vertex, P, and the centre of 
curvature, C, of a spherical mirror is called its 
principal axis. 

Secondary Axis. Any straight line, XY, 
other than the principal axis, passing through 
C, the centre of curvature of a spherical mirror, 
is called a secondary axis of the mirror. 


Principal Section. A section of the 
spherical mirror cut by a plane passing through 
its centre of curvature and the pole is called a 
principal section It contains the principal axis. 
5.14. PRINCIPAL FOCUS 


When a source of light is far from the 
mirror, and lies on the principal axis the rays 
of light from it would be almost parallel to the 
principal axis. 

Let a beam of light parallel to the principal 
axis ofa spherical mirror be incident on it 
near its pole. The reflected rays converge to 
or appear to diverge from, a point F (Fig. 
5.14) on the principal axis. This point is 


5 P: 
A 
a ü 
CONVEX MIRROR 


called principal focus of the spherical mirror, 
Thus the principal focus of a spherical mirror 
may be defined as follows : 


The principal focus of a spherical 
mirror may be defined as a point on its 
principal axis where a beam of light 
parallel to the principal axis converges 
to or appears to diverge from after refle- 
ction from the spherical mirror. 


In the case of converge mirror, the princi- 
pal focus lies on its principal axis in front of it 
(Fig. 5.14 (i)]. 


In the case of the convex mirror, the prin- 
cipal focus lies on its principal axis behind ir 
[Fig. 5.14 (ii)]. 

Focal Length. The distance of the 
principal focus from the vertex or the 
pole of spherical mirror is called its focal 
length. 


5.15. POSITION OF THE PRINCIPAL 
FOCUS 
Let OM, be a ray of light incident on a 
spherical mirror, say, a concave mirror MıMa 
(Fig. 5.15) near its pole in such a way that it 
is parallel to the principal axis of the mirror. 
It will be reflected along M)F such that 


angle of reflection =r=i=angle of incidence 
Le, ZFM,C= ZOMC 


OM, is parallel to CP, 
ZLM\CF= ZOMC 42) 
[Being alternate angles} 
From the eqns, (1) and (2), we get 
ZFM\C= 2M\CF 


Fig. 5.15 
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Which shows that A M,CF is isosceles and 
hence 
M,F= FC 
Since the ray OM, is incident Mı close to 
P, the pole of the spherical mirror, M,F is 
approximately equal to PF. Hence 


PF=PC_ ) 
or PF=4PC | (3) 
or f=3R J 


The egn. (3) shows that 

(i) The focus, F, lies midway between P, the 
pole or vertex, and C, the centre of curvature, 
and (ii) The focal length, PF, of a sperical 
mirror is half of its radius of curvature, PC. 


5.16. ASSUMPTIONS EMPLOYED IN 
THE FORMATION OF IMAGES 
BY SPHERICAL MIRRORS 
While dealing with the formation of images 
in a spherical mirror, the following assumptions 
will be made : 


(i) The aperture of the spherical mirror is 
small. 


(ii) The object lies on the principal axis, 


(tii) The light is not incident very obliquely, 
iv., the incident ray is nearly parallel to the 
princip :l axis of the spherical mirror. 

(iv) The incident ray is not very divergent. 


5.17. NEW SIGN CONVENTIONS USED 
IN PROVING THE MIRROR 
FORMULA 


A number of sign conventions are used in 
deducing the spherical mirror formula. In 
this book. we will use the new sign conven- 
tions which are given below : (Fig. 5.15 (a)). 


(i) The light rays will be taken to be travel- 
ling from left to right 


(ii) All distances arc measured from the 
pole (or vertex) of a spherical mirror. 


(iii) Distances measured in the same direc- 
tion as that of the incident light are taken as 
positive and the distances measured against 
the direction of incident light are taken as 
negative. 


(iv) Heights or distances measured up- 


wards and perpendicular to the principal axis 
are considered positive whereas heights 
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{NEW SIGN CONVENTIONS) 
Fig. [5.15 (a)] 


or distances measured downwards and perpen- 
dicular to the principal axis are considered 
negative. 

(v) The distances of the object image and 
the principal focus from the pole of a spherical 
ity are denoted by letters u, v and f respec- 
tively. 


According to the above mentioned new 
sign conventions : 

(a) Radius of curvature and focal length of 
a convex mirror is taken as positive while 
the radius of curvature and focal length of a 
concave mirror is taken as negative. 


(b) The distance of an object (v) is always 
negative. 

(c) The distance of a real image (v) is 
negative while that of virtual image (v) is 
positive. 


5.18. SPHERICAL MIRROR FORMULA 
(i) Concave Mirror : 


Let O bea luminious point lying on the 
principal axis of a concave mirror MM: 
whose pole is P, centre of curvature C, and 
radius of curvature PC [Fig. 5.16 (i)]. 

The ray OP falls on the concave mirror 
normally and hence after reflection it retraces 
its path along PO. Consider another ray OA 
striking the mirror at A. It will be reflected 
alon: AB so that OA and AB are equally 
inclined to the normal AC and lie on its oppo- 
site sides making angle of incidence, ZOAC, 
equal to the angle of reflection 2 BAC. The 
two reflected rays PO and AB intersect at T 


ti) 


iFig. 5.16 
which is the image of O. Since the intersection 
of PO and AB at I is real, the image Z is 
real. 
Let u=Distance of the object O from the 
pole P ; 
y=Distance of the image J from the 
pole P, 
f=Focal length of the mirror ; 
R=Radius of curvature PC. 
Since the angle of incidence / OAC, is 
equal to the angle of reflection Z BAC, there- 


fore, the normal AC is the internal bisector 
ZOALin AOAI. Hence, AC divides the base 


and 


OI internally in the radio of its sides. Thus 
CO _ OA 
a A s) 


Assuming the aperture of the mirror to be 
small we have 
0A=0P=-u\ 
Al=PI=—y | (sign conventions) 
PC=-—R 
Cl=PC-— PI 
=—R-(-») 
=v-R 
CA=PO-—PC 
=-u-(-R) 
=R-u 


Also, 


and 


Hence equal (i) becomes 


at vR-uv=uv—uR 

or vR+uR=2uy 

Dividing both sides by uvR, we get 
HC See, 
tie R 


But R=2f (proved earlier) 


...(2) (C.T.M.) 


(ii) Convex Mirror : 


Let O be the luminous point lying on the 
principal axis of a convex mirror My M2 
whose pole is P, centre of curvature C, and 
radius of curvature PC [Fig. 5.16 (ii)]. 


The ray OP falls on the convex mirror 
normally and hence after reflection it retraces 
its path along PO. Consider another ray OA 
striking the mirror at A. It will be reflected 


Fig. 5.16 (ii) 
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along ABso that OA and AB are equally in- 
clined to the normal CAN and lie on its oppo- 


site side making angle of incidence ZOAN 
equal to the angle of reflection Z BAN. The 
two reflected rays PO and AB appear to inter- 
sect atJ on the principal axis which is the 
image of O Since the intersection of PO and 
AB at I is virtual, so the image J is virtual. 


Let u=Distance of the object O from 
the pole P, 
v=Distance of the image / from the 
pole P, 
f=Focal length of the mirror, 
and R=Radius of curvature PC. 
Since the angle of incidence ZOAN is 
equal to the angle of reflection / BAN, 
therefore, the normal CAN is the external 


bisector of Z BAO in AOAI. Hence CAN 
divides the base OJ externally in the ratio of 


its sides. Thus 


CO_OA 
Cl AT: a «ly Y 
Assuming the aperture of the mirror to be 
small, we have 
0OA=0P= ~u ) 
Al=PI=v j (sign conventions) 
PC=R 
Also, CO=PC+PO=R-u 
and Cl=PC-PI 
=R-y 
Hence, equation (1) becomes 
R-u_ -u 
R=» -v 
or vR—uv=— Ru+uv 
or vR+uR=2uy 


Dividing both sides by uvR, we get 


lake be) 
a ROR 
But R=2f (proved) 


(2) [C.T.M.] 


From the above discussion it is clear that 
the relaticn 


TALE 
pore i 


2 


F 
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holds in the case of a concave mirror as well 
as convex mirror, While using the above 
formula, only the known quantities should be 
substituted with proper signs. The sign of the 
unknown quantity will occur in the final solu- 
tion. 


5.19. CONJUGATE FOCI 


The points P and J connected by the 
relation 
if PN 
Ce ae 


are said to be the conjugate foci. 
that positions of the object and the image are 
` interchangeable. If the object is placed at J, 
its image will be formed at O and vice versa. 


5.20. GRAPHICAL METHOD FOR 
LOCATING IMAGE 


Let PQ bea small object placed on the 
principal axis of a spherical concave mirror 
M,Msg [Fig. 5.17 (i)]. Since the object is an 
assembly of points, its image may be found as 
follows : 


Consider a ray PA parallel to the principal 
axis. It strikes the spherical mirror at A. 
After suffering reflection, it passes through the 
focus F. Another ray PC passes through the 
centre of curvature of the concave mirror and 
as it strikes the mirror normally at B it retraces 
its steps along BCP. The reflected rays AF 


Fig. 5.17 (i) 


and BCP actually intersect each other at P’ 
which is the real image of P. Another ray PO 
after reflection will travel along OP’, One may 


Jt means - 


take another ray directed towards the focal 
point F which will be reflected parallel to the 
principal axis, again intersecting at P’. Simi- 
larly, the image of any other point of the 
object can be determined. Draw a perpendi- 
cular from P’ on the principal axis to cut it at 
Q’. It is clear from the Fig. 5.17(i) that P'Q 
is the real inverted and diminished image of 
PO, where P’Q’ has been drawn perpenc icular 
to the principal axis since PQ is also perpendi- 
cular to the principal axis. 


(ii) x 
Fig. 5.17 (ii) 


Following the above construction, we find 
that P’Q’ is the virtual, erect and diminished 
image of PQ formed by a convex mirror [Fig. 
5.17 (ii)). 


The graphical method consists of drawing 
the rays emanating from key points on the 
object and locating the points at which these 
rays are focussed by the mirror. For this 
purpose four kinds of rays are of particular 
importance : 


1. Atay that is parallel to the principal 
axis and which is always reflected through the 
principal focus F of the mirror. 


2. Aray that passes through the principal 
focus F first and which is then reflected para- 
llel to the principal axis (the reverse of ray 1). 


3.. A ray which strikes the mirror at its 
vertex or pole (i.e., the point at which the 
principal axis intersects the mirror). Such a 
ray is always reflected in such a way that the 
angle of incidence with respect to the principal 
axis is equal to the angle of reflection. 


4. A ray that passes through the centre of 
curvature and which is reflected back through 
the centre of curvature, since it strikes the 
mirror normal to its surface. 5 


5.21; LINEAR MAGNIFICATION 


The linear magnification may be defined 
as the ratio of the size of the image to the size 
of the object. Thus, 

;\ ie .4:. _ Size of the image 

Linear Magnification "aire of tae oben 
or m= 4 3 


To determine the linear magnification pro- 
duced by a spherical mirror let us consider the 
two right-angled triangles. PQO and P'Q'O 
[Fig. 5.17 (i) and (ii)]. Since the angle of 
incidence, /.PQO, is equal to the angle of 
reflection, 7 P'OQ', therefore the right-angled 
As PQO and P'Q'O are similar. Hence, 


P'Q' _ OQ’ 
Concave Mirror [Fig. 5.17 (i)] :— 

P'Q'=I 
PQ=0 

0Q'=-yv 
0Q= -u 

From equation (1), we have 

cat ee E 
Ok Ss 


Now using the sign convention, the magni- 
fication is megative for an inverted image. 


v 
Therefore, -m= 


Pe 


magnification (m)= 4 Beery (2) 


(C.T.M.) 
The As OAF and P'Q'F are also similar. 


Hence, 


or 
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or 


or 


From the spherical mirror formula 


1 1 1 
rere 
Ap Ue is EN Tob 
pr: Pe of uf 
or pans 
a= 
or atta 8 
ea bl A 
Putting this value of F in the eq. (3), we 
get 
m=1— F 
u 
siede) 
e 
fru 
ae fe (4) (G.T.M.) 
es one .T.M, 


From equations (2), (3) and (4) we find that 
the linear magnification produced by a concave 
mirror is given by 


(C.T.M.) 


Convex Mirror [Fig. 5.17 (ii)] 


P'Q'=I 
PQ=0 
0Q'=»v 
0Q==-u 
From equation (1), we have 
oP av, 
0O -u 
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Using the sign conventios, the magnifica- 
tion is positive for an erect image. Therefore, 


Eal 
TEO. 
or magnification (m)= 4 AIS Z 


(5) (C.T.M.) 
The As OAF and P'Q'F are also similar. 
Hence 
PO _ FO 
AO OF 
Po FO S 
or Fo = OF (. AO=PQ) 
Be als Oe 


Putting this value of = in the eq. (6), 
we get 


= E (7) (C.T.M.) 


From equations (5), (6) and (7), we find 
that the linear magnification produced by a 
Convex Mirror is given by 


The magnitude of m can be greater or less 
than unity depends upon the values of u and v, 
If it is greater than unity the image formed is 
enlarged otherwise it is diminished. If m is 
positive, the image formed is erect. If m is 
negative then the image is inverted. 


5.22, NATURE, POSITION AND SIZE OF 
IMAGE FORMED BY A CONCAVE 
MIRROR 


Let us start with the object at infinity and 
gradually bring it nearer to the mirror. The 
following cases arise : 


(i) When the object lies at infinity. 
Here, the incident rays are all parallel to each 
other. Obviously then, two cases arise, viz., 


Fig. 5.18 


(a) when the rays are parallel to the principal 
axis, [Fig. 5.18 (i)], and (b), when they are not 
parallel to the principal axis, [Fig. 5.18 (ii). 


_ In either case, the rays after reflection at the 
mirror, converge to form a real, inverted and 
extremely diminished image at the focus or 
focal plane. 


(iii) 
Fig. 5.18 


(ii) When the object lies beyond the 
centre of curvature. Let AB [Fig. 5.18 (iii)), 
be an object, placed beyond C, the centre of 
curvature to the mirror. Then, a ray from B, 
parallel to the principal axis, passes through 
the focus F, after reflection at the mirror, and 
another ray from B, passing through the focus 
F, after reflection at the mirror, gets reflected 
parallel to the axis, so that the two reflected 
rays meet at B’, which, is therefore, the image 
of B. From B’ drop a perpendicular B’A’ on 
to the axis, to meet it in A’, which is then the 
image of A. Thus, A’B’ is the image of AB, 
and as is clear from the figure, it is between 
the focus and the centre of curvature, and is 
real, inverted and diminished. 


(iii) When the object lies at the centre 
of curvature. Let the object 4B, (Fig. 5.18 
(iv)], lie at C, the centre ‘of curvature of the 
mirror. Then, proceeding as in case (ii), Fiéis 
considering two incident rays from B, one 
parallel to the axis, and the other, passing 
through the focus F, we find that on reflection 
the former passes through F, and the latter 
becomes parallel to the axis, the two meeting 
to form an image of Bat B’. Then, dropping 
A'B' perpendicular to the axis, we get the 
image A'B’, of the object 4B, which also lies at 
the centre of curvature C, is real and inverted 
and of the same size as the object. 
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Fig. 5.18 (iv) 


(iv) When the object lies in between the 
centre of curvature and the focus. Let the 
object AB [Fig. 5.18 (v)] be now placed between 
Cand F. Then, proceeding exactly asin cases 
(ii) and (iii), we bave its real, inverted and 
magnified image A’ B', formed beyond C. 


Fig, 5.18 


(v) When the object lies at the focus. 
Here, if we consider a point object (O) at the 
focus (F), rays from it, incident on the mirror 


134 


are rendered parallel to the principal axis, as 
shown in Fig. 5.18 (vi) But, if we consider a 
finite object AB, (Fig. 5.18 (viij], at the focus, 
a ray BM, from B, incident parallel to the axis 
at M is reflected back along MF, passing 
through F. Another ray BQ, from B is incident 
normally on the mirror at Q. (for, on being 
produced back, it passes through C, the centre 
of curvature of the mirror), and is. therefore, 

flected back along its own path, ie., along 
`B, which runs parallel to the first reflected 
ay MF. The two reflected rays are thus 
parallel to each other, meeting only a infinity. 
And thus, the image is formed at infinity, and 
is real, inverted and highly magnified. 


(vii) 


Fig. 5.18 


__{iy) When xhe object lies within the 
focus, ke, in between the focus and the pole of 
the mirror. Let an object AB, [Fig. 5.18 (viii)], 


(viii) 


Fig. 5.18 


be placed on the axis of the mirror, between 
Fand P, (pole of the mirror). Then, proceed- 
ing exactly as in case (v) above, we find that 


the two reflected rays MF and QB appear to 
meet at B’, when produced backwards, and 
thus we get a virtual, magnified and erect image 
A'B' of the object AB, behind the mirror. 


(vii) When the object lies at the pole of 
the mirror. If we have a small or a point 
object placed right on the pole of the concave 
mirror, then, since a small portion of it would 
just behave like a plane mirror, we shall have 
an image of the object, in accordance with the 
ordinary laws of reflection at plane surfaces, 
i.e., image will also lie at the pole of the mirror 
and will be virtual, erzct and of the same size, 
but laterally inverted. 


5.23 NATURE, POSITION AND SIZE OF : 


IMAGE FORMED BY A CONVEX 
MIRROR 


In the case of a Convex Mirror only two 
positions of the object, are possible, viz., (i) 
at infinity and (ii) between infinity and the 
pole of the mirror. 


(i) When the object lies at infinity. 


Here the rays are incident on the convex 
mirror and parallel to each, other. Now, two 
cases arise, viz. (i) When the rays are also 
parallel to the principal axis [Fig. 5.19 (i)], and 
(ii). When they are not parallel to the principal 
axis [Fig. 5.19 (ii)]. 


(i) 
Fig. 5.19. 


In the former case the rays on reflection 
at the mirror, appear to diverge from the focus, 
F, thus giving a virtual and almost a point- 
image at the focus. 


+ 


(ii) 
ig. 5.19 

{n the latter case, let us consider two 
parallel rays from the object one incident nor- 
mally on the mirror, (i.e., passing through the 
centre of curvature of the mirror if produced), 
and the other, such that on being produced it 
will pass through F. Then the first ray is 
reflected back along its own path, and the 
latter is rendered parallel to the axis, on 
reflection at the mirror, the two appearing to 
meet at B', when produced backwards. On 
dropping a perpendicular, B'A’, from B’, on to 
the axis, we get A'B’, as the virtual image 
of the object at the focal plane. 

Thus, in either case, the image lies at the 
Jocus and is virtual, erect and extremely dimi- 
nished. 

(ii) When the object lies between in- 
finity and the pole of the mirror. Let an 
object AB be placed on the axis of the convex 
mirror, with C, as its centre of curvature, and F, 
its focus [Fig. 5.19 (iii)]. 
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Then, a ray BM, from B, and _ incident 
onthe mirror at M in a direction parallel 
to the axis, is reflected along MK, such that, 
if produced backwards, it will pass through 
F. Another ray BQ, from B, (such that, if 
produced, it will pass through C), is incident 
normally on the mirror and is reflected back 
along its own path, so that the two reflected 
rays, appear to meet at B’, behind the mirror, 
giving us a virtual image A’B’ of the object AB, 
between F and P the pole of the mirror. 


Thus the image in this case lies between the 
focus and the pole of the mirror, and is again 
virtual, erect and diminished. 


No other case is possible, as both the focus 
and the centre of curvature of the mirror lie on 
the back side of the mirror, 


And since the object and image travel in 
opposite directions, the image moves from F 
towards P as the object moves from infinity 
towards P but is always virtual, erect and 
diminished. 

5.24 APPLICATIONS OF SPHERICAL 
MIRRORS : 

Spherical mirrors are being used for follow- 
ing mentioned purpose : 

(i) As a shaving mirror (Fig. 5.20) When 
we keep the face closer to the principal focus 


of the mirror, a virtual, erect and enlarged 
image is formed behind the mirror. 


een 


Q’ 
IMAGE OF FACE 
Fig. 5.20. 


- (ii) As a reflector behind the source to 
direct light in a given area, 

(iii) In the construction of astronomical 
telescopes. 


` Summary ;— 


Position of the object 


At infinity 


Beyond Centre of 
curvature 


CONCAVE MIRROR 


Ka 
Position of the image 


At Principal focus 


Between Principal 
focus and centre of 


Nature of the image 


Real and inverted 


Real and. inverted 


Size of the image 


Extremely diminished 


Smaller size than the 
object 


curvature 


At Centre of curva- | Also at centre of | Real and inverted Same size as the 


ture curvature object 
Between principal | Beyond centre of Real and invert-d Greater in size than 
focus and centre of | curvature the object 


curvature 


At Principal focus At infinity Real and inverted Highly magnified 


Magnified 


Between pole and | Behind the mirror Virtua) and erect 


principal focus 


At the pole Also at the pole Virtual, erect, laterally 


inverted 


Same size at the $ 
object j 


CONVEX MIRROR f 


Between pole and the 
focus 


At infinity Extremely diminished 


Between infinity and 


Diminished 
pole of the mirror 


Always virtual and 
erect 


(iv) Used by doctors while examining the 
throat or the ear of a person. Also used in 
doctor’s ophthalmoscope. Rays of light from a 
distant lamp are reflected by a concave mirror 
and concentrated on a throat or a tooth or 
inside the ear to illuminate it for examining it, 


_ (v) Used in search light. If an electric bulb 
is kept at the focus of a concave mirror, then 
the reflected light comes out as a parallel beam 
and travels long distance. In an automobile 
the head lights or in a search light or in a 
hand torch, the reflectors are often concave 
mirrors, 


OBJECT B 


(vi) Convex mirror is used as a driver's 


mirror on buses, trucks, cars, etc, [Fig. 5.21] Fig. 5.21. 


because Convex mirrors have a wider field of 
view and produce erect image. 


(vii) Sun’s rays are focused by large con- 
cave mirrors on the object to be heated. 


SOLVED EXAMPLES 


Example 1. 


What will be the shortest size ofa plane 
mirror which will enable a man 1'8 m high to 
see his full length image when the top of the 
mirror is 1°8 m from the ground ? 


Solution. 


CD is the image of the man 4B (Fig. 5.22) 


in the plane mirror MıM2 such that 


AB=CD 
and AMı=M;C 
OR ETAS Ee SA 


MAN 


Fig. 5.22. 
Join D, the image of the feet B to the eye 


at A. Let DA cut the plane mirror at Mg. Join 
Mato B. The path of rays by which the image 
of the feet B is seen by the eye A is shown 
by the arrow heads in Fig. 5.22. The shortest 
length of the mirror required to see the full 
length image is MiMz which is given by 


MıM=4CD["'" In A ACD, My is the 
=}4B mid-point of AC and 
M4Mz2 || CD. 
=}x18=0'9 m 
Example 2. 


Find the deviation produced by reflection 
at a plane mirror when the angle between the 
incident and reflected rays is 80° 


Solution. 
2i=i+r=80° 
Deviation=180°— 2i= 180°— 80°=100°. 


` mirror at an angle of 45°. 


137 


Example 3. 


Rays of light strike a horizontal plane 
Show by a diagram 
how you would arrange a second mirror in 
order that the reflected ray may finally be 


directed from the second mirror horizontally. 


Solution. 


_ Let a ray AB strike the horizontal plane 
mirror OM, such that 7 ABM,=45° and angle 
of incidence ABN,=45°=angle of reflection 
CRN, where BN; is the normal to OM, at B 
(Fig. 5.23). Let the reflected ray BC strike 
the second plane mirror OMe in’ such a way 


that after reflection from it, it is finally directed 
horizontally along CD. Let CN, the normal to 
OMz at C, meet the normal BN; at N. 

Since OM, || CD and BN, LOMI 

ig BN, LCD or Z BN;C=90°. 

In the right-angled A BCNi, 

ag ZCBNy=45°. 

4 2 BCN,=45°. 

Therefore, for the second plane mirror 
OM2. 
angle of incidenco= ZBCN: =4 Z BCN =22'5° 
= / DCN=angle of reflection. 

Now OBNC is a cyclic quadrilateral as 


LOBN=90°=ZOCN. Hence, the angle bet- 
ween the two mirrors OM, and OMgis given 


by 
ZM,OMo= 4 BOC 
=180°— 4 BNC 
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=180°—[180— 7 CBN— Z BCN] 
=ZCBN+ / BCN 
=45°4-22°5°=67'5°. 

Example 4. 


Find the angle between two plane mirrors 
so that a ray incident on one and parallel to 
the other after reflection at the second is 
rendered parallel to the first. 


Solution 


Let OM, and OMe be the two plane 
spe inclined to each other angle 6. (Fig. 
s ). 


Fig. 5.24. 


Leta ray AB which is parallel to OM3 be 
incident on OM; at B. After reflection at B it 
goes along BC and strikes OM, at Cin sucha 
Ap that the reflected ray CD is parallel to 
OM. 


Let the normals BN and CN drawn respec- 
tively to0M; at B and OM, at C meet each 
other at N. Let BN produced meet CD at Ny. 


Since AB || OMe, 
LABM,= Z M20M,=8. 
Angle of incident= 7 A BN=90°— 0 
= {CBN=angle of reflection 
Since ABEN is right-angled, 
Z.BCN;=90°— Z CBN; =90°— / CBN 
=90°—(90°— 6)=0 
For the second plane mirror OM». 
Angle of incidence= 4 BCN=¢/2= Z DCN 
=angle of reflection. 


Now OBNC is a cyclic quadrilateral as 


ZOBN=90°= ZOCN. Hence, the angle 
between the mirrors is given by 
6=2M\OM2 
= BOC 
=180— Z BNC 
= 180—[180— “ CBN- 7 BCN] 
=/CBN+ Z BCN 
or =(90—6)+6/2 
or  36/2=90° 
or 6=60°. 
Example 5. 


A ray of light makes an angle of 10° with 
the horizontal and strikes the mirror of a 
microscope which is inclined at 25° to the 
horizontal. Will the light be reflected verti- 
cally? If not, find the angle necessary to 
accomplish this, 


Solution. 


Let a ray AB, which makes an angle of 10° 
with the horizontal AH, strike the plane mirror 
MyMo inclined at 25° to the horizontal AH and 
= reflected along BC as shown in Fig. 5.25. 

us, 


Fig. 5.25. 


ZBAH=10° and / BM:,H=25°, 
Z AMB=180°— 2 BMgH=180°— 25°=155° 
In AABMg, Z ABM2=180°—[Z BAM 
+ Z4AM2B) 
=180°—(10°+155°)=15° 

o Thus, the incident ray makes an angle of 
15° with the plane mirror MiMə. Conse- 
quently, the reflected ray BC also makes an 


angle of 15° with the plane mirror M}Ma, ie., 
/ MyBC= 15°, r z 


ZM2BD= /M,BC [Being vertically 
opposite angles] 
=r; 
Tn the ABDM,, the external / HDB 
= / BM,D+ Z DBMg=25°+15°=40°, 
Thus, the reflected ray BC makes an angle 
of 40° with the horizontal. 


If the reflected ray BC is to be thrown up 
vertically, it must be rotated through 90°— 40° 


=50°, Hence the mirror must be rotated 
Mi c 
yN 
B 
90° 50° o 
H D M? A 
Fig. 5.26, 


through half of this angle, i.e., through 25°. 
The mirror should, therefore, make an angle of 
25°+4-25°=50° with the horizontal as shown in 
Fig. 5.26. 

Use of Mirror Fermula : 

The following points wili help the students 
in the solution of numerical problems based on 
mirror formula : 

(i) Draw a rough diagram. 

(ii) Remember the general mirror formula 

or in 
Ve Vf 

(iii) Put the numerical values of u, v and f 
with proper sign. 

(iv) Do not assign any sign to the unknown 
quantity which comes as a result of solution. 

(v) The linear magnification is negative for 
a real image which is inverted and downward 
and positive for virtual and erect image. 


Example 6. 
The focal !ength of a concave mirror is 15 
cm, Ifthe object is placed at a distance of 
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20 cm from the vertex of the mirror, where will 
the image be formed ? j 


Solution. 
u= — 20 cm 


or ==- t 


or + vy=—-60 cm 

The image is formed 60 cm away from the 
vertex towards the object side. 
Example 7. 


An object is at a distance of 10 cm from 
the vertex of a mirror, and the image of the 
object is at a distance of 30 cm from the mirror 
on the same side as the object. Is the mirror 
concave or convex ? What is its focal length ? 


Solution. 


u=—-10cm 
v= —30 cm 
J=2 
1 I 1 
Now Car asa 
1 1 1 
I E NE 
4 1 
or ~30 af. 


15 4 
ME a di cm 


Since the focal length is negative, therefore 
the mirror is convave one. 


Example 8. 

A concave mirror of radius of curvature 
12 cm forms a real image $ times the size of a 
given object. Find the relative positions of 
the mirror, object and image. With the same 
mirror and object, can any other position be 
obtained to give an image of the same size as 
before ? 
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Solution. 
Radius of curvature= R= — 12 cm 
f=—6 cm 
u=? 
y= ? 


Size of the image=J=3 
Size of tL» object=O=2 


Bink 
w ETAO 
=y. 253 3 5 
Tian (when the image is real) 
Ta 
or => le 
Berl) Ei k 
ET Me. 
i) 1 2% 
—4+ [= (~ it is a concave 
Bio SU te mirror) 
iss 1 
vig 6 
or 3u=—30 
or u=—10cm 
3 3 
and vag u=-10x 7 =-15 om 


Second Position, We suppose that the 
image is virtual. 
3 i eR -3 
For a virtual image=— => y=" 
Again, 
bois. Bs 
Wee 
Tape ed 
More G 
1 1 
or w= T 
or 3u=— 6 
y u=—-2 cm 
v=3 cm 


Hence 


This would give a virtual image of the same 
size as in the first case. 
Example 9. 


The image formed by a convex mirror of 
focal leagth 30 cm isa quarter of the object. 
What is distance of the object from the mirror ? 


Solution. | 
f=t30 cm | 
u=? 
v=? 


Size of the image=J=1 
Size of the object=O=4 


or y= tt | 
4 | 


Hence the object is 90 cm from the vertex 
of the convex mirror. | 


Example 10. 


An object 6 cm long is placed 1 metre in 
front of a concave mirror of 10 cm focal 
length. Find the nature and the size of the 
image. 


Solution. 
u=1 metre=— 100 cm 
y=? 
f=—-10cm 
Size of the object =O=6 cm 
Size of the image=J= ? 


uty =F 
rhein 1 
=100 ty e 
or Hotta’ hy Les 
v = fo + 100 
_-100_ 4,1 
v= ae: Il cm 


Since v is negative, therefore the image is 
teal and inverted, 


Now so » where [=Size of the image 

u and O=Size of the object. 
100 
ke 58m 
6 1% 

— 100 1 —2 
f= 9 x Too X6= cm 
Example 11. 


A candle is held 3 cm away from a concave 
mirror whose radius of curvature is 24 cm. 
Where is the image formed? What is the 
nature of the image ? 


Solution. 
Here, Radius of curvature= R= — 24 cm 


R 
Mbt cm 


u=— 3 cm 
1 1 1 
a ytd 
Je 
net B 
i 1 
(-12) (=3) 
EN AEE a ahs 
cpa aN A 
v 4 4 
Thus EE a E 


Hence the magnitude of m is greater than 
unity. Hence the image is 4 cm behind the 
mirror. It is virtual, magnified and erect. 


Example 12. 
How far should one hold an object from a 


zo=cave mirror of focal length 40 cm so as to 
ze’ n image twice the size of the object ? 


Solution. 
Here, =—40 cm 
Zz = + =2 (for real and inverted image) 


yv=2u 
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Aar- 1 
i whee 
1 1 1 
u tu “40 
or pe ARE 
2u 40 
u=—60 cm | 
For virtual and erect image, 
I v 
Oa 
v=— 2u 
BN e ol 
u 2u  4ò 
or AN 
2u 40 


Hence an object should be held at 60 cm 
from the vertex of the concave mirror for real 
and inverted image and at 20 cm from the 
concave mirror for virtual and erect image. 


Example 13. 


If a concave mirror of focal length 3cm is 
held at a distance of 2 cm from a tooth, what 
is the magnification of the image ? 


Solution. 
Here, f=-3 cm 
u=—2 cm 
v=? 
TE me? 
l Pala 
wty Ft 
I 1 1 
SITY As 
eet sese Vaid arn 
oe ita 63 
v=6 cm 
5 A y 6 
Magnification=m= — PO [5] 


Example 14, 


An object is ata distance of 5m from a 
convex mirror of focal length 10 cm. Where 


Example 15. 


An object is located 20cm in front of a 
concave mirror of radius of curvature 50 cm. 
Where is the image formed and what is its 


is the image formed and what is its magnifica- 


tion ? nature ? 
Rslation. Solution. 
y=- 21 
Here, u=—5 m==— 500 cm tapre, E A 3 it 
JS=10 cm R 
y= 5 EF] =—25 cm 
=? oa 
HS ag eee A 1 l 
Since —- Tae Wg Now —--} =F 
1 ae 1 1 1 
“ X590t vy 0 EERO Ty 25 
1 1 1 51 
ps gore hissed 1 
v 10 ' 500 ~ 500 Seebeck E z 
’ jon 1 
è 51 = 700 
=9'8 cm 3 v=100 cm 
Magnification =m=- = Hence the image is virtual and eaa 
98 Magnification =m=— = =- [D 
ee [ — 500 Thus the image is 100 cm behind the mirror, 
=0°0196 maguified five times and it is virtual and erect. 
SUMMARY 


1. A light beam passing through any material medium wil] become progressively weaker due to 
two effects. Part of its energy will be absorbed by molecules of the medium and part will be 
scattered in all directions by them. A light beam striking the boundary between two media 
can be partly transmitted and partly returned to the first medium. Light returned to the firat 
medium is said to be reflected at the boundary. 


2. Laws of reflection 
(i) The angle of incidence (i) is equal to the angle of reflection (r). 


(ii) ue incident ray, the reflected ray, and the normal to the reflecting surface lie in the same 
plane. 


3. Any highly polished surface which reflects most of the light that falls on it is calied a mirror. 


4. Plane mirrors of plate glass are silvered on one surface to reflect: light efficiently and their 
reflectance is quite high, Bs Soe ire 


5. The rays of the sun reaching the earth are practically parallel and thus have the same angle of 


incidence. They remain practically parallel after being reflected from a plane mirror Such - 


reflection, in which scattering of the reflected rays is negligible, is called regular téflection. 
Polished surfaces cause regular reflection and the image of the luminous source. is sharply 
defined. Searchlights, beacons and automobile spottights use soncentrated light sources of- 
high intensity and highly polished regular reflectors to redirect light rays in the’ desired 
direction. 

6. When a beam of lizhtis incident on an irregular surface, the laws of reflection hold true for 
each particular ray of light, but the normals to the surface are not parallel, and the light is 
reflected in many directions. Such scattering or diffusion of light is extremely important. 


tf 


9. 


10. 


il. 


13. 


Tbe image formed by a plane mirror 

(a) is neither enlarged nor reduced. The image is of the same size asthe object. 

(b) is always virtual, erect and appears as far behind the mirror as the object is infront of it. 

(c) differs from the object in that right and left are interchanged i.e., the image is laterally 
inverted, This means the image of the right hand has the appearance of a left hand. If 
an object is Spinning clockwise about its axis, its image appears to be spinning counter- 
clockwise about its image axis. 


An image formed by, rays or light actually passing through the image point is called a real 
image. Real images are inverted relative tothe object and can be larger or smaller than the 
object. Real image can be obtained on a screen. 


An image formed by rays of light which appear to have diverged from the image point and do 
not actually pass through that point is called a virtual image, Virtual images cannot be 
projected on a screen. They are erect with respect to the object ; they can also be enlarged or 


reduced in size. 


Besides plane mirrors, we have mirrors which are curved. The laws of reflection hold for the 
curved mirrors also. 

Spherical mirrors, the surfaces of which are sections of spheres, are commonly used for special 
Purposes. The size and position of the images formed are quite different from those of the 
images formed by plane mirrors. 

When the mirror is a portion of the polished outer surface of a sphere, it is said to be convex. 
The reflecting surface is curved towards the observer, 

When the tairror is a portion of the polished inner surface of a sphere, it is said to be concave. 
Here the reflecting surface is curved away from the observer. i 


The centre of curvature is the centre of the sphere of which the mirror forms a part. 

The aperture is a measure of the portion of the sphere included by the mirror. Only a small 
section of the total surface of the sphere is used as the reflecting surface for clear image 
formation. 

The vertex (or the pole) is the centre of the mirror itself. 

The principal axis is the line drawn through the centre of clirvature and the vertex. 

A secondary axis is any other line drawn through the centre of curvature. : 


A normal to the surface of a concave mirror is a radius drawn from a point of incidence. (Th 
radius is perpendicular to the tangent to the surface drawn through the point of incidence.) In 
a convex mirror, a normal is a radius produced or extended beyond the mirror. 
The point on the principal axis to which rays parallel to the principal axis converge (or from 
which they diverge) is known as the principal focus. The distance between the principal focus 
and the vertex is called the focal /ength of the mirror. 
Focal length of a spherical mirror is half its radius of curvature 

LR 

= 
Since incident rays diverge on being reflected, convex mirrors are known as diverging mirrors. 


. Graphical Method (concave mirror) : 


We can construct the image formed by a concave mirror by locating the images of enough 
different points. Concave mirror images may be grouped into six cases. 

Case 1. Object at infinite distance. 

The image formed by a. concave mirror is a point at the principal focus. 

Case 2. Object at finite distance beyond the centre of curvature. 

The image in this case is real, inverted, reduced and located between the centre of curvature 
and the principal focus. À 

Case 3. Object at the Centre of curvature. 

The image is real, inverted, the same size as the object, and located at the centre of curvature. 
Case 4. Object between the centre of curvature and principal focus. 

The image is real, inverted, enlarged and located beyond the centre of curvature. 

Case 5. Object at principal focus. 

The image is real, inverted, highly enlarged and lies at infinity. 

Case 6. Object between principal focus and mirror. 

The image is virtual, erect, enlarged and located behind the mirror. 
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15. In constructing ray diagrams for convex mirrors we proceed as for concave mirrors except that 
the four rays of importance are the following : 


(i) A ray that is parallel to the axis and whicn is reflected as ifit came from the virtual 
principal focus of the mirror. 


(ii) A ray that is heading toward the virtual principal focus and which is reflected parallel to 
the principal axis (by the principle of reversibility of rays). 
(iii) A ray that is heading toward the vertex of the mirror and which is reflected so that the 
angle of reflection with respect to the principal axis is equal to the angle of incidence 


(iv) A ray that is heading toward the centre of curvature of the mirror and which is reflected 
directly back on itself. 


These four rays enable the image of any point on an object to be located for a convex mirror. 
In a convex mirror, all images are virtual, erect, smaller than the object and located behind the 
mirror between the vertex and the principal focus. The size of the image increases as the 
object moves closer to the mirror, but it can never become as large as the object itself. 


16. A simple relationship exists between the distance of an object (u) from a curved mirror, the 
distance of its image (v) and the focal leagth (f) of the mirror. This relationship, known as 
the mirror equation is as follows : 

ek 1 1 
—+—=—> 


u v K 


The mirror equation is applicable to all concave and convex mirrors. 


17, The image of an object formed by a spherical mirror can- be larger or smaller than the object. 
It may be inverted or erect, real or virtual. It depends upon the position of the object relative 
to the mirror and nature of the spherical mirror employed. 


18, Lateral magnification is the ratio of the height of the image to that of the object. 
s% I v : 


mn=—>=-— 


o u 
The magnitude of m can be greater or less than unity depending upon the values of u andy. 


19, Spherical mirrors have varied practical applications in everyday life. 


‘QUESTIONS 
[A] Objective Type Questions 
1. When parallel rays are reflected from a smooth, plane surface, the reflected-will be 
(a) parallel to the incident rays 
` (b) parallel to each other 
(c) non-parallel 
(d) part of a spherical surface 
2. When light is diffusely reflected, the angle of reflection is 
(a) greater than 
(b) less than 
(c) equal to the angle of incidence 


3, A person approaches a plane mirror with a speed of 7 ms-!, His image approaches 
him with a speed, in metre per second, of 


(a) 0 

(b) 7 

(c) 14 

(d) 21 

4. As: person approaches a plane mirror, the size of his image 

(a) increases 

(b) decreases 
(c) remains the same 


11. 


12. 
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. If a ray of light falls on a rough surface, the angle of reflection of this ray. 


(a) is less than the angle of incidence 
(b) is greater than the angle of incidence 
(c) is equal to the angle of incidence 
(d) may be any of the previous three 


.. The glass of some electric light bulbs is frosted so that the glass will be 


(a) opaque 

(b) transparent 
(c) translucent 
(d) non-refracting 


. The paper does not act as a mirror because the light falling on it is 


(a) transmitted 

(6) absorbed 

(c) diffusely reflected 

(d) regularly reflected Bh et 


. An object is 30 cm from a concave spherical mirror whose focal length is —20.cm. 


The image is 

(a) virtual and enlarged 

(b) virtual and reduced in size 
(c) real and reduced in size 
(d) real and enlarged 


. The radius of curvature of the mirror in question (8) is ......... cm, 
10. 


Which mirror has a wider field of view : 

(a). concave mirror 

(6) convex mirror 

(c) plane mirror 

An image formed by a convex mirror is always 
(a) virtual, erect and diminished 

(b) virtual, real and magnified 

(c) real, inverted and diminished 

(d) real, erect and magnified 

In the case of a concave mirror, match the items in Column B against the items in 
Column A 


Column A Colamn B 

(Position of object) (Position of image) 
(a) Very far away (i) Very far away 
(b) AtC (ii) Betwecn F and the vertex 
(c) Between F and the vertex (ili) At C 
(d) Beyond Fand C (iv) Between F and C 
(e) At F (v) At F 
(f) Beyond C (vi) Beyond C on the same side as the object. 


(vii) On the other side of the mirror i.e., behind 
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Very Short Answer Questions 

1. Does iight travel in a, curved path ? 
. Do all bodies absorb light ? 


. A ray of light falls normally on a plane mirror, what will be the angle of reflection ? 


. If a parallel beam of light falls ona blotting paper, will thé reflection from the blotting 
paper be regular or irregular ? 


5. What type of image is usually formed by a plane mirror ? Can it also form real image ? 


6. Does the right hand side of the object appear right hand side of the image in a plane 
mirror ? Is the image erect or inverted ? 


e oO N 


7. What type of image is formed by a convex mirror ? 


8. What type of image is formed by a concave mirror when the object fies between the 
principal focus and the pole of the mirror ? 


9. What is the relation between fand r of a spherical mirror ? 
10. What is the radius of curvature of a plane mirror ? 
11. What is the focal length of a concave mirror of—30 em radius of curvature ? 


12. A concave mirror of—20 cm focal length forms an image of the same size as the object, 
. what is the position of object ? i 


13, A toy car runs towards a plane mirror witha velocity of 2 m/sec. At what rate its 
image runs towards it? 7 i 


Short Answer Type and Essay Type Questions 
1. State three things that may happen to a beam of light striking a body. Which of the 


three is most likely to occur when a beam of light strikes the following :— 
(a) a plane mirror. i 
(b) a plane glass. 
(c) a polished table. 
(d) coal tar. 
(e) a perfectly transparent body. 
(f) a piece of diamond. 
(g) a black cloth, 
(h) water. 
(i) strained glass. 
PR bie’ on ge aoee te in E top of a table, but you cannot see it when it is not 
‘3. (a) State the laws of Reflection of light. 
(b) How will you verify these laws experimentally t 
4. (a) Define an optical image. 
(b) Distinguish between a real image and a virtual image. Give examples. 


_ (c) Is the,image produced bya plane mirror real or virtual ; inverted ; - 
hive ae cee ees irtual ; erect or inverted ; enlar- 


10. 


11. 


12. 


13. 


14. 


15. 
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(d). If a word was written on a thin sheet of paper, explain how''you would use a plane 
mirror to read the word from the back of the paper. 


(a), An object is placed 5 cm in front of a mirror. Show by means of a diagram the | 
two ways in which you can_find ihe position of the image. i 


(b) Draw a ray of light incident at 45°. on a plane mirror; Draw’ the normal’ and the 
reflected ray. What is the angle of deviation of ray ? 


(c) Draw an arrangement by which a ray could be turned through ‘ay right angle by a 
plane mirror. Show how this is used in practice. Name the instrument and where 
is the instrument used ? [Hint :—Periscope] 


- A boy uses a mirror to flash a beamyof light into the teacher’s eyes, and he gets caught 


immediately. Why ? 


(a). What is spherical mirror % 

(b) Distinguish between a concave mirror and a convex mirror. 

(c) How can you tell the difference between a concave.and a convex mirror by looking 
at your face in each ? 
Define ; Principal axis ; vertex ; principal focus ; centre of curvature ; focal length 
of a spherical mirror giving diagram. i 

(b) What is the relationship between radius of curvature and focal length ofa spherical 
mirror ? How will you derive it’? Mention the various assumptions used. 

(a) Define centre of curvature and radius of curvature of a spherical mirror, 

(6) Derive the formula 
Pa ty s =F for a spherical mirror where the symbols have their usual meanings, 
Mention the sign conventions and assumptions used. 

(a) Describe how a concave mirror can be used (a) to burn a piece of tissue paper, (b) 

to send out a parallel beam of light. 

Use diagrams to show. why concave mirrors are called converging mirrors while convex 

mirrors are called diverging mirrors. i 

Describe the series of images formed by (a)a concave mirror, (b) a convex mirror, as 

the mirror is moved from a position near the face to about 100 cm away. 


(a) Mention the various uses of spherical mirrors. i 

(b) What advantages, as a driver’s mirror, does a convex mirror have over a plane 
mirror ? [A.1.5.S.E. 1979, 1986]. 

(a) How will you demonstrate that light travels in straight lines ? 


(b) Drawa diagram to show how a tiny hole can produce an image ona screen, 
What is the name given to the instrument which uses this method to take photo- 
graphs of objects ? 


In the pin-hole camera : 
(a) What would you do to increase the size of the imige on the screen ? 
(b) What would you do to increase the size of the brightness of the image ? 


(c) What would you do to make the image sharpen ? 
(d) Is the image produced real or virtual ; erect or inverted ; enlarged, the same size. 
or smsiler ? 
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16. (a) What is magnification produced by a spherical mirror ? Derive an expression for it 


(6) 


for a concave mirror. 


What changes would you observe in your image as you move nearer to (a) a 
plane mirror, (b) a concave mirror, (c) a convex mirror ? 


17. Does a woman really need a full length mirror in her house ? How would you proceed 
to convince her (scientifically) that she does not ? 


18. (a) 
(b) 


Why does a cheap looking glass give a disorted image ? 

Why is twi-light visible after sunset ? 

How can a narrow room be made to appear very spacious ? 

Why do the images of trees appear to be inyerted in water by the river-side ? 


How would you arrange two plane mirrors to see the back of your head? 
Illustrate by a diagram. 


A lady wishing to pin a flower on the right side of her head, pins it on the left side 
while looking into the mirror, Explain why ? 


For what purpose does a surgeon use a concave mirror ? 


Where should an object be placed infront of a concave mirror to obtain its magni- 
fied erect image ? [A.LS.S.E. 1982] 


19. Incident ray remaining the same, whenever a plane mirror is rotated through a certain 
angle 0, show that the reflected ray gets rotated through an angle 20. 


20, Draw the ray diagram to show the image formation of a vertical object placed on the 
principal axis, ofa concave mirror, outside its centre of curvature. 
Use this figure to detive a relation between object distance, image distance and the focal 
length. [4.7 S.S.E. 1986) 
Hints : 


p en C 
CENTRE OF 
CURVATURE Ds 


-- 


Fig. 5.27 
As AOB and A'OB' are similar 
AB OB 
AB ~ OB" (1) 


Similarly, As 41B,F and 4’B'F are simila: 


. 


AB, BF 
“AB > BF (2) 
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From Ay, drop A,B, perpendicular on the principai axis. 


Then, A, B\=AB (distance between two parallel lines) 
and B,F=OF (since the mirror has a small curvature hence By and O 
lie very close to each other.) 
AB OF 
Hence FR = FF (3) 
From equations (1) and (3) 
OB OF 
0B BF wae 


Using the sign conventions, we have 
OB=-1u; OB'=—y 
= OF=—f; B'F=OB'—OF=—y—(-f) 
Putting these values in (4) 


=u of. u RJ 
TN A 
—u+uf=—vf 
Dividing both sides by uvf, we have 
LEP ee 
Bian +> u 
1 1 1 
or They 


You are given three mirrors of equal size one concave, one convex and one plane. 
How will you identify them without touching their surface ? 


Show that if a person approaches a plane mirror with a speed x, the image approaches 
the person with a speed 2x. 

Using a concave mirror, a screen and a measuring scale in broad day light, how will 
you find the height of a tree ? f 
Hints : 


CONCAVE, 
TREE MIRROR 


IMAGE OF 
THE TREE 


Fig. 5.28 
Size of the Image _ I 
Size of the object O 


24. What three factors determine the amount of light an object will reflect ? 
[Hints. (i) kind of material underlying the surface ` 
(ii) smoothness of the surface 
and (iii) the angle at which the light strikes it] 
When you look in a plane mirror, do you see yourself as others see you ? Explain. 


(a) Construct a ray diagram to show the formation of an image by a convex mirror. 
(b) Describe fully the image that is formed. 


What kind of mirror produces (a) a short, fattened image ; (b) a tall, thin image ? 


BS RB 


Suppose we write the word “light” on a mirror with white paint. When the mirror is 
placed in a beam of sunlight, the reflection of the suntight on a smooth wall consists of 
a bright area in which the letters of the word “light” appear dark. Explain. 


29. What kinds of mirrors could be used and where should the object be placed to produce 
(a) an enlarged real image (b) a reduced real image 
(c) a real image, the same size as the object (d) an enlarged virtual image 
(e) a reduced virtual image ? ‘ 


30. Construct a ray diagram to show the formation of an image by a concave mirror when 
the object is.at a finite distance ‘beyond the centre of curvature. Describe fully the 
image that is formed. ; 


31. Construct a ray diagram to show the formation of an image by a concave mirror when 
the object is between the principal focus and the centre of curvature. Describe fully 
the image that is formed. ’ 


32, Starting from a large distance, a flame is slowly moved towards a convex mirror. 
Comment on how the size and position of the image change. [A.LS S. 1981 
PROBLEMS 


1. A ray of light is incident at an angle of 60° to the mirror. What is the angle between 
the incident and the reflected ray ? The mirror is, now turned throu 19°, By 
using a diagram find out the angle between the reflected ray in its new direction and 
the reflected ray before the mirror was turned. [Ams. 60°; 20°) 


2. Find the minimum size of a plane mirror, hung on a wall of a room, in which an 
observer, standing at the centre of the room can see the whole height of the wall 
behind him. [Ans. rd of the size of the wall] 

3. A concave mirror of focal length 10 cm is placed at a distance of 0°35 m fi £ 
How far from the wall should an object be p:..ced to get its real image on the ‘Wall a ; 

[Ans. 0:21 m] 
4. A concave mirror forms a virtual image three times the size of the object, when distan 
between the object and the mirror is 0'1 m. Find the position and yar ot the age 
when an object 3 cm high is placed 0°4 m from the mirror. 
[Ans. 0:24 m from the mirror : real, inverted and 1-8 cm high] 


5. The image formed by a convex spherical mirror of focal length 0'3 i 
the size of the object. What is the distance of the object fon the pune? “in OH 


6. A concave mirror has a radius of 1 m. Where must the object be, placed 
image is formed at a distance of | m from the vertex of the Mori 4 PE S 


-S a 


q 
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7. Find the deviation produced by reflection at a plane mirror, when the angle of 


incidence is 35°, [Ans, [110°] 


The distance of the pin-hole from ‘the screen is 20 cm. It is required to get the image of 
a building 10 m high, on a screen, The screen is 15 cm high. What should be the 
distance of the pin-hole from the building ? [Ans. 13-33 m] 


. A man is running away from a plane mirror at the rate of 2 m per second. With what 


10. 


ll. 


12 


13. 


14. 


15. 


16 


17. 


18. 


19. 


20. 


21. 


speed is he receding away from his own image ? [Ans. 4 ms™1] 


Two plane mirrors are placed parallel to each other and spaced 20 cm apart, A 
luminous point is placed between them and 5 cm from one mirror. Determine the 
distance from each mirror of three nearest imag s in each 

: [Ans. 5, 35, 45 cm; 15, 25, 55 cm] 


An object 2°5 cm long is placed on the axis of a concavé mirror of 30 cm radius of 
curvature at a distance of 10cm from it. Find the position, size and nature of the. 


image formed. [Ans. Virtual erect 30 cm behind the mirror ; 7°5 mJ 
An object is 10 cm from a convex mirror of focal length 20 cm. Find the y~-ition and 
nature of the image, c [Ans. 6°67 cm ; Virtua: and erect] 


[D.B.S.S. 1978] 


An object is placed at a distance of 4 cm from a concave mirror of focal length 12 em. 
Find the position and nature of image. [Ans. 6cm; Virtual and erect} 
[D.B.S.S. 1979, 


A concave mirror produces a real image of height 2 cm of an object of height 0-5 cm 

Placed 10 cm away from the mirror. Find the Position of the image and focal length 

of the mirror. [Ans. —40 cm; —8 cm] 

[D.B.S.S, 1980} 

An object 1 cm high is placed on the axis of and 15 cm from a concave mirror of focal 

length 10 cm, Find the position, nature, magnification and size of the image. 

[Ans. 30cm ; Real and Inverted ; —2 and 2 cm] 

[D.B.S.S. 1981) 

The focal length of a concave mirror is 6 cm, An object is placed at a distance of 10 cm 
from its vertex. Where is the image formed ? t 

[Ans. 15 cm away from the vertex towards the object side] 

A convex mirror of focal length 10 cm is given. If an object is placed 15 cm away from 
the vertex ot the mirror, where is the image formed and what is the magnification. 

[Ans. 6 cm ; 0°4] 

A ray of light is incident at an angle of 60° on a horizontal plane mirror, At what 

angle should the mirror be tilted to make the reflected tay horizontal? Draw the ray 

diagram. [A.1.S.S.E. 1986] 

[Ams. The mirror should be tilted at an angle of 15°] 

A convex mirror has a focal length of 20cm. An image is produced which is two- 
thirds of the length of the object. Determine the object distance from the mirror, 

[Ans.- 10 cm] 

The image of an object in a concave mirror of radius of curvature 20 cm is erect and is 

formed 30 cm from the mirror. Calculate the object distance from the mirror and the 

magnification. [Ans. 75cm; 4] 

An object and its image in a concave mirror are the same height when the object is 

6:4 cm from the mirror. What is the focal length of the mirror ? [Ams. 18:2 cm] 


oo 


CHAPTER 6 


Refraction of Light - 


. 61, INTRODUCTION 


You learnt earlier that light ‘can pass 
through air, through a vacuum and through 
transparent and translucent substances. Any- 
thing through which light passes is known as 
a medium. You already know, also, that in 
each ofthese media light travels in a straight 
line. : 


In this chapter you are going to find out 
what happens to the path of light as it goes 
from one medium into another. 


You will also see how important it is to 
study this effect.on the path of light, as on it 
depend most of the optical instruments we use 
every day, eg., spectacles, microscopes and 
telescopes, the human eye etc. This chapter 
should therefore be of tremendous interest to 
you. 


6.2, PHENOMENON OF REFRACTION 


When a pencil of light passes more or less 
obliquely from the transparent medium into 
another, as, for instance, from air into glass, 


Fig. 6.1. 


it undergoes a deflection from its straight path, 
as shown in Fig. 6.1, which represents a ray 
of light passing from air into water. This 
change in direction is called. refraction, from 
a Latin word, meaning broken ; for the ray is 
actually broken at the point O, where it enters 
into water. h 
The ray PO is called the incident ray and 
OR the refracted ray. The angle PON. which 
the incident ray makes with the normal MN at 
the point of incidence to the surface AB, separ- 
ating the two media, is called the angle of inci- 
dence and the angle ROM the angle of 
refraction. 


The phenomenon of refraction can. be 
demonstrated by a number of experiments, a 
couple of which are given below. 


- Experiment. Allow a beam or solar light, 
passing through a shutter in a dark room, to 


fall on a glass vessel, containing water, (Fig. 
6.2). The beam will be seen very distinctly to 
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have broken, while passing from air into water, 
especially if some light powder has been 
diffused through the airand the water so as 
to make the beam more visible. 


Experiment 2. Place a coin at the bottom 
of a basin and move back from the vessel 
until the coin is just hidden below the upper 
edge of the side (Fig 6.3). Pour some water 
into the basin, the. coin will now be visible. 
This is due to the fact that the rays from any 
point, such as P on the coin, cannot enter the 
eye when there is no water in the basin ; when 
however, water is poured into it, these rays 
from P get bent, as shown, on emerging from 
the water, and enter the eye, appearing to 
diverge from a point P’ nearer to the water 
surface than P. 


Fig. 6.3. 


6.3. REFRAGTING SUBSTANCES. 


When a ray of light enters from one 
medium into another, it isin some cases, bent 
towards the normal, forming an angle of refrac- 
tion, which is less than the angle of incidence, 
as, for example, when it passes from air into 
glass or water. In other cases, on the other 
hand, it is bent away from the normal 
and the angle of refraction is greater than 
the angle of incidence, as, for example, 
when it passes from glass or water into air. 
In the first case, the second medium is 
said to be more refracting than the first and, in 
the second case, less so. Among the most 
refracting substances are water, alcohol, ether 
and diamond, Gases in general, are less refract- 
ing than water. It is found generally that when 
light passes from an optically rarer into an 
optically denser medium, it is bent towards the 
normal and when it passes from a denser into a 
rarer medium, it is bent away from the normal, 
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Below is a list of a few substances in the 
order of their abilities to bend light, starting 
from the most powerful : 

1. Diamond 

2, Glass (the different types) 

3, Glycerine and Turpentine 

4. Water 

5. Ice 

Glycerine bends light almost to the same 
extent as glass, and that explains why it is used’ 
in microscopic work in joining two lenses 
together, as you will learn later. 


6.4. LAWS OF REFRACTION 


Refraction takes place according to two 
laws, analogous to the laws of reflection. 


1. The incident ray, the refracted ray, and 
the normal to the surface of separation at the 
point of incidence, lie in the same plane. 


2. Whatever the obliquity of the incident ray, 
the ratio of the sine of the angle of incidence to 
the sine of the angle of refraction is a constant 
quantity for any two given media. This is often 
spoken of as Snell’s law of refraction. 


Thus, in Fig. 6.1, H Or is a constant, 


no matter what the value of 7 PON is. This 
constant is called the refractive index of the 
second medium with respect to the first, and is 
denoted by the letter n. Hence, 

sin PON sini as 

sin ROM” sini’ 


where ¿andr denote the angles of incidence 
and refraction respectively. 

For all transparent solids and liquids, n is 
greater than 1. Its value for water is 1'333 and 
for crown glass, 1°52 varying slightly with the 
nature of the glass. 


Refractive index n of a medium can also 
be expressed as the ratio of the speed of light 
in vacuum (or in air) to the speed of light in the 
given medium. Speed of light in vacuum (or in 
air) is 3 X 108 m/s. 

6.5. EXPERIMENTAL VERIFICATION 
OF THE LAWS OF REFRACTION. 


The laws of refraction can be verified in the 
following manner ; 


Place a glass slab on a drawing board and 
draw its outline Fig. 6.4. Fix two pins P and 
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O, so that the line joining their feet is inclined 
to the face AB of the slab.: Look from the 
opposite side DC and fix two more pins R and 
S, in a straight line with the images of P and O. 
Remove the slab and join PO to meet the face 
AB at E and RS to meet the face DC at F. 
Join EF and draw normals GN and ML at E 
and F respectively. Then PO is the incidence 
ray, EF, the refracted ray, and RS, the emer- 
gent ray. Measure the angle of incidence PEG 
and the angle of refraction NEF; it will be seen 
that the angle of refraction is smaller than 
angle of incidence, showing thereby that the 


Fig. 6.4. 
_ ray is refracted towards the normal, on passing 


from the rarer into the denser medium. It will 
also be seen that the incident ray, the refracted 
ray and the normal lie in 
thereby proving the first law of refraction’ 
Also, find the ratio. sin i/sin r and see that it 
is equal to 1'5, the refracting index of glass. 
‘Repeat the above experiment for four or five 
different angles of incidence and see that the 
ratio sin i/sin r is the same, in all cases, thus 
verifying the second Jaw or Snell’s Jaw of 
refraction, 


6.6. REVERSIBILITY OF THE PAT: OF 
` LIGHT : 


Let 4B be the section of a plane surface 
Separating two media, aand b, of which b is 
the denser one and let a ray PQ (Fig. 6,5), 
incident at a point Q give rise to the refracted 
ray OR in the medium. _ If we now reverse the 


the plane of the paper, ` 


tay QR by reflecting it normally from a plane 
mirror M, the reversed ray RQ gives riseito the 
refracted ray, travelling along the path QP in 
the upper medium a. The same. principle 
holds good in the case of reflection; thus, in 
(Fig. 5.7), if the reflected ray CRS be reversed, 
“as explained above, it will give rise to a 
reflected tay, travelling along the path COP, 
which is the same as that of the original inci- 
dent ray, but in the opposite direction. This 
principle is known as thè principle of 
reversibility of the path of light and states 
that if light after suffering any number of reflec- 
tions and refractions, has its final path reversed, 
it travels back along the same path, in the 
apposite direction. 


Let "x, be the index of refraction of the 
lower medium b with respect to the upper me- 
cium u.. Then, if the angle of incidence PON 


be equal to i, and the angle of refraction ROL, 
equal to r, we have 


index of refraction of the upper Medium a with 
respect to the lower medium b, we have 


sinz 
sin į 


(ii) 


ngs 
Multiplying together the corresponding 
sides of (i) and (ii), we get 


“n, X*nu=1, whence, “n»o=1/"nta. 


Thus, the index of refraction of a medium & 
with respect to another medium b is equal to the 
reciprocal of the index of refraction of b with 
respect to a 


6.7. LAWS OF REFRACTION FOR 
SMALL ANGLES OF INCIDENCE 


When light is incident normally on a 
refracting surface, i=0, and, therefore, 
sin ‘=0, but sin i= sin r 
$ n sin r=0; or; r=0. 


Thus, when light falls normally on a refract- 
ing surface, no refraction takes place and it 
passes straight along its original path. When, 
however, the angle of incidence is small, sin i 
and sin r may be taken to be equal toi and r 
(measured in circular measure) respectively 
and, therefore, we have 


n=i/r, or, i=nr. 


6.8. APPARENT DEPTH OF A 
TRANSPARENT MEDIUM 


Let O (Fig. 6.6) represent a point object, 
placed on the under surface of a parallel-sided 
slab of some refracting medium, such as glass. 


[9] 
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Then, a ray OC, incident normally on the 
upper face, will not suffer any refraction and 
so will travel along the same path OC. Another 
ray OA, making an angle. OAN with the normal 
to the surface at A, will be bent along AB, 
since it is travelling from the denser to the rarer 
medium, Produce BA backwards to meet the 
ray OC at O'. Then O’ is the virtual image of O. 


Let n be the refractive index of glass. Then, 
since OA is passing from a denser to a rarer 
medium, we have 

J sinOAN | sin 40C _ AO’ 
n sin MAB sin dAO’'C AO 

Since the size of the pupil is small, the rays 
must emerge near to C, in order they may enter 
the eye and, for this purpose the point A may 
be supposed to be very near C. 


Hence, 40'=O' and aAO=CO 


(approximately) 
f AO’ OC pe Oe 
.. a do. o0? Fes zee a 


If t be the thickness of the glass slab, the dis- 
tance of O' from its surface, say, v, is given 
by v=r/n. 


Since n>1, v<t, and the object seems to be 
raised up. This explains why a pond of water 
appears to be shallower than it really is. 


For water, nis 4/3; hence if the depth of 
brs pond is one metre, it appears to be only 
cm. 


If follows from the above that, if the 
apparent position of the object be known, the 
refractive index of the medium can be: cal- 
culated. For, clearly, 


real depth ` 
apparent depth ` 


6.9. DETERMINATION OF INDEX OF 
REFRACTION BY THE 
MICROSCOPE METHOD 


1, Refractive Index of Glass. Make a 
pencil mark on a paper and focus on it a 
microscope, capable of moving vertically up 
and down, by means of a screw, and read its 
position on the scale. Now, place a glass slab 
on the mark and again focus the microscope 
on the virtual image of the mark, as seen 
through the glass slab.. The distance PP’, 
(Fig. 6.7), through which the microscope has to 
be raised, gives the distance OO’ in (Fig. 6.6), 
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Fig. 6.7 


by which the image appears to be raised up. 
Next, focus the microscope on a scratch, made 
on the upper surface of the-slab and again ‘read 
its position on the scale. The difference 
between the first and the last readings gives the 
real thickness of the glass slab. From these 
two observations, the apparent thickness can 
be found out by subtracting PP’ from the real 
thickness, and then 7 is easily calculated from 
the relation 


real thickness 
apparent thickness ` 


2. Refractive Index of a Liquid. Take 
a glass vessel and focus the microscope on a 
mark at its bottom. Then, pour in the liquid 
and re-focus the microscope on the mark. 
Next, sprinkle a little lycopodium powder on 
the surface of the liquid and focus the micro- 
scope on a particle of it. Then, the calculations 
are made in the same way as for glass. 


i The refractive indices of a few common 
substances, with respect to air, are given 
below ; 


Water . 1:33 Quartz 1:55 
Turpentine oil ... 1'47 Crown glass ... 1°52 
Linseed oil . 148 Flint glass 1:67 
Alcohol . 1337 Ruby 1:71 
Ice . L31 Diamond 2°47 
Benzene .. 150 Air 1:00 
6.10. REFRACTION THROUGH A 
PARALLEL-SIDED PLATE 


Let AB and DC be the sections of the two 
parallel sides of a plate of glass or any other 
transparent medium, of refractive index n. 
(Fig. 6.8). The surfaces, of which AB and DC 
are the sections, are supposed to be. perpendi- 
cular to the plane of the paper. A ray PỌ, 
incident at the point O at an angle i, gives rise 
to a refracted ray, OR. Let r be the angle of 
refraction at Q, then 


sin i ER 
sin r f: 


Fig. 6.8 


The ray QR is incident on the surface- DC 
at R, at an angle r, and gives rise to the 
emergent ray RS. Let i’ be the angle of 
emergence ; then 


sinr i 
sini’ Mg 
sini sini’ UR apie a 
or, ——— = —— > where sin i=sin i 
sinr sinr 
or isi’. 


This, the emergent ray RS is parallel to 
-the incident ray PQ. 


The ray RS is, however, displaced laterally, 
with respect to the incident ray PQ. Produce 
PQ and from R draw RL, perpendicular in PQ 
produced ; then, RL gives the Jateral displace- 
ment. Let t be the thickness of the glass plate ; 
then QN/QR=cos r. 


or QR=ON'cos r=QN sec r=t sec r 
But RL=QR sin ROL=OR sin (i-r) 
So that RL=r sec r sin (i—r) 


Thus, the lateral displacement, for a given 
angle of incidence, is proportional to thickness 
of the plate. Hence, by making t sufficiently 
small, the lateral displacement can be made as 
small as we please. 


6.11. REFRACTION THROUGH A 
COMPOUND PLATE 


Leta ray’ PO (Fig. 6.9), pass from a 
medium A through two parallel slabs, of media 
Band G, cut into the same medium 4 For 
simplicity, suppose the medium A to be, air 
medium B, to be water, and medium C, to be 
glass. The normal to the three surfaces are 
parallel. Let ‘ws 3no and na denote respec- 
tively the indices of refraction of B with respect 


Fig. 6.9 
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to A, of C with respect to B and of A with 
respect to C. Now, experiment shows that 
the emergent ray ST is always parallel to the 
incident ray PQ provided the surfaces of the 
slabs are parallel and the medium above and 
below the compound plate is the same, therefore 
we.have 


sinr? O sinr 
Multiplying the three: equations together, 
we get 


äns X®noX na =l 


1 
B 
No 
Ans Xna 
A 1 
But ni= = 
Ano 
A 
no 
Bao= 
. no= =: 
Ans 


Hence the refractive index of a medium O 
with respect to another medium B is equal to 
the refractive index of C divided by the refrac- 
tive index of B. 


Thus, the refractive index of glass with 
respect to water 
refractive index of glass 


= refractive index of water 


ENB Sh 9S 
oe ae AB 


6.12, SOME FACTS EXPLAINED BY 
REFRACTION OF LIGHT 


(1) Why the Sun appears to be larger 
in size at Sun-rise or Sun-set than at 
Noon. Since the atmosphere extends up toa 
distance of about 500 km above the surface of 
the earth and the sun is viewed through the 
layers of air of different densities, it appears a 
little larger than if there had been no atmos- 
phere. This increase in size varies with the 
thickness of the air. When the sun is nearer 
the horizon, the thickness of the air through 
which light has to pass is the maximum and so 
it appears to be ofa larger size than at noon, 
when the light has to pass through the 
minimum thickness of air [Fig. 6.10(a)]. 


(2) Why water appears shallower than 
it really is. Suppose a coin was placed at the. 
bottom of water in a bucket and you were 
asked to pick it up. You would dip your 
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Mw 
-APPARENT POSITION REFRACTED SUNLIGHT 


OSR SIZE OF :SUN 


HORIZON FOR™ ~~. _ 
~ OBSERVER AT O 
ae ee e 


© ACTUAL 


POSITION 
AND SIZE 
OF SUN 


ATMOSPHERE 


Fig. 6.10 (a). 


hand inside the bucket, thinking the water was 
quite shallow, but you would find, to your 
surprise, that though the sleeve of your shirt 
your hand had not yet 
How is this explained ? 


was deep in water, 
reached the coin, 


Fig. 6.10 (b). Deep water appears shallow. 


Consider Fig. 6.10(5). Suppose O is the 
coin at the bottom of water whose surface is 
AB, You have learnt previously that to find 
the position of an object you have to draw two 
rays from the object and find out what happens 
to them. Now let us draw two rays OC and 
OD. Since the rays are going from a denser 
medium (water) toa less dense medium (air), 
the ray OC is bent away from the normal CG 
in the direction CF, and the ray OD is bent in 
the direction DE. These rays diverge, and an 
eye placed at FE will collect the rays. It will 


appear to the eye that the Tays are coming 
from the point J where these rays meet when 
they are produced backwards. The point J, 
therefore, is the virtual image of the object 
(coin) O. Since AB is the surface of the water, 
the image Iis nearer the surface than the 
object O. 


Join OJ and produce it to meet the surface 
ABat K. Then OK is called the real depth of 
the coin and JK the apparent depth. The 
apparent depth is /ess than the real depth, i.e., 
the water appears shallower than it really is. 


(3) Why a straight stick appears bent 
in water. Let us consider Fig, 6.10(c) ABC 
is a straight stick or ruler placed in water in a 
slanting position, The. surface of the water is 
XY and the eye is placed in position E. The 
eye would see the portion AB by direct rays 
through air as shown by the cones of tays, AE 
and BE, but the portion BC is seen through 
water. As explained above in the case of the 
coin, end C of the stick will appear to the eye 
to be at D as shown in the diagram, Thus, the 
7 sees the straight stick ABC as a bent stick 

D. 


Fig. 6.10 (c) Apparent bending of a straight 
stick in water, 


6.13. TOTAL INTERNAL REFLECTION 


When light passes from a rarer into a 
denser medium, the refracted ray is, as we 


know, bends towards the normal, so that even 
when the angle of incidence is about 90°, a 
refracted ray is possible. On the contrary, if 
the second medium is less refracting than the 
first, as when light passes from glass into air, 
the refracted ray is bent away from the 
normal, so that the angle of refraction is now 
greater than:the angle of incidence. If, there- 
fore, the angle of incidence be gradually 
increased, the corresponding angle of refraction 
will also increase, till a limit is reached when 
the angle of refraction becomes equal to 90° 
and the refracted ray travels parallel to the 
surface of separation of the two media. If the 
angle of incidence is increased still further, 
there is no refracted ray and the incident ray 
is reflected back into the denser medium, in 
accordance with the ordinary laws of reflection. 
This is known as total internal reflection. The 
angle of incidence at which total reflection just 
occurs, i.e., for which the corresponding angle 
of refraction is 90°, is called the critical angle 
for the two given media. Itis represented by 
i. 


Thus, in Fig. 6.11, the ray AB emerges 
along BC, the ray DB emerges along DE, while 
the ray RB, for which the corresponding angle 
of refraction is 90° just grazes along LM, the 
surface of separation of the two media. Hence, 


the angle RBQ=i. is the critical angle. 
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Evidently, then, the beam FB is totally reflected 
along BG according to the ordinary laws of 
reflection. 


Since, for the critical angle RBQ, the angle 


of refraction is 90°, we have 
sin RBO 1 
sin 90° nn’ 


where n is the refractive index of the denser 
medium with respect to the rare one. 


Hence, sin i= E i 
n 


for, sin 90°=1 


or sine of the critical angle= L 


Hence we conclude from the above that 
whenever a ray of light travelling from.a denser 
into a rare medium, is incident at an angle 
greater than the critical angle for the two 
media, the ray is totally reflected back into the 
same medium. 


Let us‘find the critical angle for water and 


air. Since °w for water=1°33, the critics’ 


angle i,=sin-} (1-33) =48°45’, 
Similarly, the critical angle for glass is 41°9’, 
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This at once explains, why an empty test 
tube held obliquely in a glass beaker, contain- 
ing water,/when looked at from some distance 
on one side, appears to be shining, as though 
it were full of mercury. This is so, because the 
fays of light, incident through. water on the 
tide of the tube are totally reflected back, as 
shown in Fig. 6.12. If the tube is filled with 
water, it no longer has that appearance. 


This phenomenon can be beautifully 
demonstrated by an experiment, called the 
Fountain of fire. 


A rectangular vessel is taken, in one side of 
which a convex lens L of focal length equal to 
the breadth of the vessel is fixed (Fig. 6.13). 
Along the axis of the lens, in the side opposite, 
is a small hole. A strong parallel beam of light 
is allowed to fall on the lens and is brought to 
focus on the hole. The vessel is then filled 
with water, the hole having been closed by a 
cork. On removing the cork, a brilliant jet 
begins to stream out of the hole in the form of 
a parabola. The angle of incidence on the 
interior surface of the jet being greater than 
the critical angle, the beam is reflected from 
side to side all along the stream and so it 
appears brilliant. If a red glass be placed in 
front of the lens, the strzam becomes red and 
it looks as if fire is flowing out of the vessel, 


Fig. 6.13. 


Again, the refractive index of diamond is 
the highest known, being 2'4, and so the critical 
angle for it is 245°. Hence, of the total light 
entering a diamond, only a very small portion 
will be transmitted out, the rest suffering total 
reflection inside it. That is why the diamond 
appears to be so brightly shining. 


6.14, TOTALLY REFLECTING PRISMS 


In Fig. 6.14, ABC represents a section of a 
right-angled glass prism (90°, 45°, 45°) and LM, 
a ray incident normally on the face AB. It enters 
the prism undeviated and then falls on the face 
AC at an angle of 45° which is greater than the 
critical angle (41°9') for glass. Consequently, 
it is totally reflected along MN and falls on and 
emerges out of the face BC, normally. Thus, 
the ray LM is deviated through 90°, without 
any loss of intensity. Such a prism is called a 
totally reflecting prism and is often used, ins- 
tead of a mirror, for reflecting a beam through 
90°. 


Fig. 6.14 


Fig. 6.15. 

The same prism can also be used to turn 
the beam through 180°, as shown in Fig. 6.15. 
In this case, the beam is allowed to fall nor- 
mally on the longer side of the prism, when 
it suffers two total reflections and emerges out 
parallel to the incident beam. 


6.15. THE PATH OF THE SUN, AS 
VIEWED BY A FISH IN WATER 


Let F represent a fish under the surface of 
water, and SO, a ray of light grazing along the 
surface at sun rise (Fig. 6.16). Then, sincethe 
ray is incident at an angle of 90°, it will travel 
in water along OF, in accordance with the rela- 
Oo 


sin 90' prs tat 4 
ion sin Agp ~!<fractive index of water=—-, 


or £AOF=sin-1 ( a )=48° 36'.- 


Hence the fish will see the sun at S’, at an 
angle equal to (90— 48° 36')=41° 24’ above the 
horizon. At sun set also, the sun will appear to 
subtend the same angle 41° 24’ with the horizon. 
Thus the path of the sun, as viewed by the fish, 
is an arc, equal to 48°36’ x2=97° 12’, 


l 


5 ‘ 


Fig. 6.16. 


6.16. OPTICAL ILLUSION 


When an object appears to be of a parti- 
cular form, when looked at from a distance, 
whereas, in reality, it is not of that form, there 
is obviously an illusion to the eye. For 
example, if we look at a star, it appears to be 
twinkling, while, in reality, it does not twinkle 
(see Art 6'18). Such a phenomenon is called 
an optical illusion: The phenomenon of 
mirage is a typical example of an optical 
illusion. 


Mirage The mirage is an optical illusion, 
in which inverted images of distant objects are 
seen, as if reflected froma pond or a lake 
or sometimes, as if suspended in the atmos- 
phere. The former type of the phenomenon 
is of most frequent occurrence in hot climates 
and more especially, in sandy districts, and 
the latter type, in the colder regions. In 
sandy deserts, because of the intense heat, the 
layers of the air, near the surface of the earth, 
get heated so soon that the density adjustments 
do not take place ; hence the densities and 
refractive indices of the layers immediately 
above the sand are lower than those of the 
layers higher up. The rays of light from a 
distant object, after passing through layers, 
which are gradually less refracting, bend more 
and more (Fig. 6.17) till they fall on a layer 
at an angle, greater than the critical angle for 
it, and get totally reflected. These reflected 
rays then travel up and undergo a series of re- 
fractions, but in a direction opposite to those 


Fig. 6.17 The Mirage. 
in the first case; for, they now pass through 
layers which are gradually more and more 
refracting, till they reach the eye of the obser- 
ver, who sces an image of tho object, as though 
reflected from the surface of a calm lake of 
water. 


6.17 THE LIGHT PIPE AND FIBRE 
OPTICS: 


Light pipe is an example of total internal 
reflection. The term ‘‘pipe’’ s to mind a 
long, thin object with a hole through it. Water 
put in one end comes out the other end, no 
matter how the pipe twists and turns. A light 
pipe is a similar device, in that light put in one 
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SURROUNDINGS 
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Fig. 6.18 
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d comes out the other. There is no hole, but 

:& material must be transparent. The light pipe 
sends for its operation on the phenomenon 
‘otal internal reflection. 


If light enters a polished rod of glass or 
transparent plastic as in Fig (6.18), total inter- 
»al reflection will occur at the points A, B, C, 

dso on, provided that the curvature of the 
rod is not too great. The light rays that 
eiitered the rod from the source S$ will emerge 
oo rod has acted like a pipe for the 
light. 


Because of the multiple reflections, an 
image cannot be-passed through such a pipe. 
But an image can be broken into a series of 
fine dots of various shades of light and dark 
and each portion of the image is then sent 
through a small light pipe (Fig 6.19), A bundle 
`f glass fibers, each acting like a light pipe, 

| transmit an image if the arrangement of 
„ho emerging fibers is the same as that at the 
entrance end. A lens is used to cast an image 
“e end of the bundle, and the image is 
transmitted to the other end. One 

uc. ssary addition is that each fiber be coated 
with a material of low index so that the light 
in one fiber does not cross into adjacent 
ores at points where there is contact. 
dies in which the order of the fibers is not 
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Fig. 6.19. 


maintained will transmit light, though not 
images. They have many uses, from the 
illumination of places that are otherwise 
hard to reach to the transmission of signals or 
data. 


The uses of this principle are so broad «that 
a whole study area called “fiber optics” bas 
been developed. 


In practice, glass fibers of uniform thickness 
and of diameters about 2 x 10-6 m are commonly 
used. More recently, transparent plastics have 
been used to replace the glassfibers, but it is 
difficult to make them as thin as glass fibers. 


One major use of fiber optics is in internal 
examination of equipment or of the human 
body. For example, a light pipe can be inser- 
ted into a patient’s stomach through the mouth 
and used to examine the stomach for ulcers. 
Light that is transmitted down the outer layer 
of the light pipe’s optical fibers is scattered 
back by the stomach wall and transmitted 
through the central portion of the fiber bundle 
to produce an image of the stomach wall. This 
image can be either observed visually or 
recorded photographically. Since the fibers 
are very thin and numerous, excellent details 
can be achieved in the final image produced. 


INDIVIDUAL File (NLARGED 


TRANSMITTED 
IMAGE 


Such light pipes can also be used to trans- 
mit high intensity laser light inside the body 
for use in surgery and cancer therapy. The use 
of fiber optics in medicine again demonstrates 
that a simple physical principle can have far 
reaching consequences in other fields of 
research. 


6.18. THE TWINKLING OF STARS 


A ray, coming from a star, at night has to 
pass through layers of air, of different refrac- 
tive indices, and is, therefore, bent differently, 
till it meets the observer’s eye, which sees the 
star ina particular position. But, because of 
the wind, the densities, and hence the refrac- 
tive indices of the layers go on changing con- 
tinuously, so the very next instant the star 
appears to be at a different place, but very 
near to the first, the change in the refractive 
indices of the layers being quite small. There- 
fore, the star appears to be moving in a small 
area,—hence its twinkling. The planets being 
nearer, the amount of light received from them 
is greater and so the variation in their bright- 
ness is not appreciable. That is why they do 
not appear to twinkle. 


Similarly, the apparently higher altitude of 
a staris an optical illusion. For, the rays 
from the star S (Fig. 6.20), are bent more 
and more towards the normal, since they 
have to pass through layers of increasing den- 
sity, due to the atmospheric pressure, till they 
reach the observer's eye. If the last parts of the 
rays are produced backwards, they will appear 
to come not from S but from S’ which is 
higher than S. Rays entering the atmosphere 
are lifted by atmospheric refraction by 0°5°. 
This is very nearly equal to the angle subten- 
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ded by the sun’s diec so that when the sun 
appears to be just above the n. “zontal sunrise 
or sunset, it is actual, ‘ust below it. Again 
since the sun requires about two minutes to 
move a disiance equal to its own diameter, 
the day at the equator is lengthened by about 
two minutes both at sunrise and sunset, Hence 
the sun rises about 2 minutes earlier and sets 
about 2 minutes later, the day thus becoming 
longer by about four minutes. 


Again, since the sun is viewed throu. 
atmospheric air, it appears a little larger then 
if there had been no atmosphere. This increase 
in size increases with the thickness of the air, 
as explained already. For, when the sun is 
near the horizon, the depth of the air is the 
maximum and, therefore, it appears to be 


larger in size than at noon, when the rays: past.. 


through the minimum thickness. 
6.19. LENSES. 


A lens may be defined as a portion -$ 


transport medium bounded by two pre 

surfaces or by one curved surface 

the other plane surface. 
The curved surfaces are generally spherical 

and the medium mostly employed is glass. 

Such lenses are called spherical lenses. 


If one of the bounding curved surfaces is 
cylindrical the lens is called a cylindrical lens. 


It is usual to divide lenses into two classes : 
(i) Convex or Convergent lenses, and 
(ii) Concave or Divergent lenses. 

(i) Convex or Converging Lenses ; 


(a) (b) 


Fig. 6.2.1 

The convex lenses are of-three forms ; 

(1) Double Convex lens [Fig. 6.21 (a)l. 

(2) Plano Convex lens [Fig. 6.21 (b)]. 

(3) Concave-Convex lens [Fig. 6.2! (¢)]. 
fae 


v 


tc) 


» 
j 
i 


164 


istin guishi haracteristic of a con- 

Lenina ok ya ike at the centre than 
at the edges. 

(ii) Concave or Divergent Lenses. The 
concave lenses are likewise of three forms : 

(a) Double concave lens [Fig. 6.22 (a)]. 

(b) Plano-concave lens [Fig. 6.22 (b)]. 

(o) Convex-concave lens [Fig. 6.22 (c)]. 


is 

+ 

; (a) (b Te) 
A Fig. 6.22. 


7 The distinguishing chaiacteristic of a con- 
_ cave lens is that ir is thinner at rhe centre than 
aj te edges, 


_ é i, DEFINITIONS OF TERMS RELA- 
~ = TING TO LENSES. 


b (a) Principal Axis of a Lens. The straight 
line passing through the centres of curvature of 
the surfaces of the lens is called the principal 
axis of the lens. 


If one of the surfaces be plane as in the case 
oi a plano-conyex or plano-concave lens, the 
principal axis is normal to it and passes through 
the centre of curvature of the other surface. 


(6) Principal Section of a Lens, 4 

section of the lens passing through its principal 

ı axis is called the principal section of the 
` tens. 


(c) Principal Focus of a Lens, Whena 

` beam-of parallel rays of light-falls ona lens in 

+ adirection parallel to its Principal axis, the 

- rays, after refraction through the lens, converge 

to or appear to diverge from a point on the 

principal axis. This point is called princi- 
pal focus of the lens. 


In the case of a convex lens, the beam of 
light parallel to its principal axis is made to 


converge to a point Fon the other side of the 
lens as shown in Fig. 6.23 (i) whereas in the 
case of a concave lens, the beam of light para- 
llel to its principal axis appears to diverge from 
a point F on the same side of the lens as the 
incident light as shown in Fig. 6.23 (ii). 


CONVEX LENS 
ti) 


CONCAVE LENS 
(ii) 


Fig. 6.23. 


(d) Focal length ofa Lens. The distance 
of the principal Jocus from the optical centre of 
the lens is called the focal length of a lens. 


(e) Optical Centre of a Lens. The 
optical centre of a lens is the point on the 
Principal axis, such that rays passing through 
it do not suffer any change in direction, They 
may suffer latera] displacement. In other words, 
the optical centre of a lens is a peculiar fixed 
point such that a Tay passing through it has its 
emergent path parallel to its incident path. 
*Let us deduce this result geometrically, 


Let C; and C3 be the centres of curvature 
of the spherical surfaces of a double convex 


* For further knowledge only. 


lens Lı ALoBL; (Fig. 6.24). Draw any radius 
CiR of the spherical surface LıBLo. Draw the 
radius C,Q of the other spherical surface such 
that C20 || CyR. Clearly, CıR and CoQ are 
normals to the surfaces LıBLz and LAL} at 
points R and Q respectively. 


Fig. 6.24. 


Join RQ cutting the principal axis, C1C2 at 
O the optical centre of the lens. Let QR 
represent the path of light ray PQRS through 
the lens, Then, 


C20 || CiR [by construction] 
LCQR= 7 C, RO 
or Zn= Ara 
Further, ‘." asin Le = sin a 
sin ry sin fg 
and sificé We have proved just now that 
Zn= Lr 
Zi= Ze 


i.e , the incident ray PQ and the emergent ray 
RS make equal angles with the normals at Q 
and R. Thus, 
PQ || RS 

It proves that the ray PQRS passing 
through O, the optical centre of the lens, 
does not suffer any deviation The lateral dis- 
placement suffered by it depends upon the 
thickness of the Jens and will be inapplicable 
if the thickness of the lens is very small. 

To determine the position of O, the optical 
centre, wë find that As OCR and OC2Q are 


similar. Hence, 
GO GR 
CO” C20 
C0 Rı 


G:0 ~ R 
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which shows that O, the optical centre 
divides the line joining Cı and Cz, the centres 
of curvature of the spherical surfaces of the 
lens, internally in the ratio of their radii. It is 
thus a fixed point for a given lens. 


In the case of a double convex or double 
concave lens having spherical surfaces of equal 
radii (Ri=Re), the optical centre coincides 
with the geometrical centre. 


(f) Secondary axis of the Lens. Evi- 
dently the principal axis defined in (a) above 
passes through the optical centre. Any straight 
line other than the principal axis passing 
through the optical centre is called the secon- 
dary axis of the lens, 


6.21. POWER OF A LENS. 


Itis the degree to which a lens converges” 
or diverges the rays of light. It is measured 
as teciprocal of the focal length of a lens 
expressed in metres. Thus. 


Power of a lens (=F cman 


It is expressed in dioptre (D). 


Suppose there is a convex lens whose focal ae 


length is 25 cm=025 m, its power will be — 
p= “sas =4D. A concave lens of focal 
length— 20 cm=—0'50 m will have, 


Power p= 6 =-5D 


6.22. FORMATION OF AN IMAGE BY 
A LENS 


Let PQ be an object placed on the princi- 
pal axis of lens LiLe (Fig. 6.25). Regarding 
the object to be made up of a large number 
of points let us first determine the position of 
the image of the point P. 


To locate the image of P, it is sufficient to 
find the point of intersection, after refraction 
through the lens, of any two rays originally 
diverging from P In selection these two rays, 
we may bear in mind the properties of (i) the 
optical centre and (ii) the principal focus of a 
lens (Art. 6.20). Thus consider a ray PA 
parallel to the principal axis of the lens. After 
refraction in the case of a convex lens, it will 
pass through the principal focus F whereas in 
the case of a concave lens it appear 'to diverge 
from F. Another ray PO passing through the 


Concave lens 
Fig. 6.25. 


optical centre, O, does not suffer any deviation 
and hence goes straight. The inter-section P’ 
` these two rays is the image of P. Similarly 
image of every other point can be found. 
e collection of these image points. P'Q', is 

1o image of the object PQ. 


If the point of intersection P is real, 
[Fig. 6.25 (i)], the image will be real, inverted 
and on the other side of the lens. 

On the other hand, if the rays merely appear 
to intersect and do not actually intersect, i.e., 
the intersection is virtual [Fig. 6.25 (ii)], the 


mage is virtual, erect and on the same side of 
the lens on which the object lies. 


6.23. LENS FORMULA 


The new sign convention to be used in 
proving the lens formula is as follows : 


Sign Convention : 


(i) Distances are measured from the optical 
contre of a lens. 


(ii) Light rays will be taken to be travelling 
from the left to right. 


(iii) Distances measured in the same direc- 
tion as that of incident light are taken _ as 
positive and the distances measured against 
the direction of incident light are taken as 
negative. 

(Accordingly distances on the right hand 
side of the optical centre of a lens will be taken 
as positive whilc those on the left hand side as 
negative). 

(iv) The distances of the object, image ana 
the principal focus from the optical centre of a 
lens are denoted by letters u, v and f respec- 
tively. 

(v) Focal length of convex lens is positive 
and that of a concave lens negative. 

(vi) Heights measured above the principal 
axis are positive and those measured below the 
principal axis are negative. 

Assumptions : 

1. Thin lenses are used. 

2. The incident rays of light are close to 
the principal axis of the lens. 

We have seen in Art. 6.22 that P’Q’ is the 
image of the object PQ placed on the principal 
axis of a lens LZ (Fig. 6.26). 


Fig. 6.26 


_ The right-angled As OPQ and OP'Ọ' are 
similar as /POQ=/ P'OQ' (being vertically 
opposite angles). Thus, 


PO _ 09 
PO = 0g" 


Since, PQ=40, therefore the above relation 
may be written as 
fe) 


AO 


=P = 00" oH GB 


The right angled As AOF and P'Q'F are 


also similar. Hence, 
AO _ OF 
PO = FO (2) 


Since the left hand sides of the egs. (1) and 

(2) are equal, therefore equating their right 
hand sides we get 

oQ OF 

"00°" FO" a 

In the case of convex lens [Fig. 6.25 ()] the 

image is real. Hence, according to the new 

convention of signs. we have 


og=-u 
oQ'=v 
OF=f 
FQ'=00Q'-OF=v-f 
Putting these value in eq. (3), we get 


-—w+uf=vf 
or —uv=1f—uf 
Dividing both sides by uvf, we get 


..(4) 


or 


In the case of concave lens [Fig. 6.25 (fi)] 
the image is virtual. Hence, according to the 
new convention of signs, we have 


0Q= -~u 
0Q'=-v 
OF=-—f 


FQ'=0F-0Q'=—f-(-»)="-f 
Putting these values in eq. (3), we get 


—uv+uf=vf 
or —uv=vf—uf 
Dividing both sides, by uvf, we get 


(4) 


or 
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Thus, we get the same formula for both 
types of the lenses, convex and concave. 


Conjugate Foci : 


-Any two points Q and Q' lying on the 
principal axis of the convex lens connected by 
the relation 


are called conjugate foci. In other words, if 
the object is placed at Q, the image will be at 
Q’ and vice versa. 


6.24. LINEAR MAGNIFICATION 
PRODUCED BY A LENS 
It is evident from Fig. 6.25 or Fig. 6.26 
that As OP'Q' and OPQ are similar, Hence, 
P'o’ Od 
“PQ ~ 00 
Size ofthe image Jv 


Size of the object O° u [C.T.M:] 


or 


Thus linear magnification produced by a lens 
is the ratio of the distance of the image to that 
of the object from this lens. 


The ratio ž will be positive in the case of 


a virtual image and negative in the case of a 
real image. 


It can be easily prove that for a lens, 


LS TN iar Wi aed 
Ou utf ff 
6.25. POSITION, NATURE AND 
MAGNIFICATION PRODUCED BY 
A CONVEX LENS AND A 
CONCAVE LENS 


(1) Convex lens (i) Let us start with the 
object at infinity, so that the rays from it, 
incident on the lens, are all parallel to each 
other, (Fig. 6.27 (i)(a)]. 


If the rays be parallel to the axis (case a), 
they all meet in F, the focus of the lens, giving 
a point-image of the object at F. But if they 
are not parallel to the axis, [Fig. 6.27 (i) (b)), 
we get an extremely diminished image A'B’ of 
the object, at F. In either case, because the 
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rays actually cross each other at F the image is. right-angles to the axis of the lens is gradually 
real and inverted. brought from beyond 2F or twice the focal 
length of the lens to very near the lens, where 
N A'B' is the image of the object formed. 
(2) Fig. 6.27 (ii) shows the object beyond 
2F, when its image is formed between F and 
ie 2F, (on the other side), and is real, inverted and 
fae diminished in size. 
re 


AE à (3) Fig. 6.27 (iii) shows the object at 2F, 
eee when its image is also formed at 2F and is real, 


inverted and of the same size as the object. 


V/ 


Fig. 6.27 (i) (a) 


Fig. 6,27 (iil) 


(4) Fig. 6.27 (iv) shows the object bet- 
ween F and 2F, the image being formed 


Fig. 6.27 (i) (b) 


Thus in this case the image lies at F, and is 
real, inverted and extremely diminished in 
size—almost a point-image. 


Figures 6.27 (ii) to Fig. 6.27 (vi) show the 
different cases, when the object AB, placed at 


Fig. 6.27 (iv) 


re is 2F and being real, inverted and magni- 


Fig 6.27 (ii) and being real, inverted and highly 


Fig. 6.27 (v) 


(6) Fig. 6.27. (iv) shows the object with- 
in the focus, or between the optical centre of 
the lens and F, the image now being formed on 
the same side as the object, and virtual, erect 
and magnified. The lens, in this case, acts as 
a magnifying glass. 


ao 
MT 


Fig. 6.27 (vi) 


(2) Concave lens. (i) Here also, let us 
start with the object at infinity, so that the 
incident rays are parallel to each other. If 
they be parallel to the principal axis (Fig. 6.28 
(a)], they diverge on passing through the lens as 
though they were proceeding from F, the focus 
of the lens, on the same side as the object and 
a point-image thus appears to be formed at F. 
But if the rays be not parallel to the principal 
axis, [Fig. 6.28 (6)], they diverge on refraction 
through the lens, so as to form an extremely 
diminished virtual image at F. In either case, 
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therefore, the image lies at F and is virtual, 
erect and extremely diminished. 


Fig. 6.28 (ii) 


ii) Fig. 6.28 (c) shows the case of an 
object (AB) beyond 2F, when, a virtual, erect 
and diminished image (A'B') of the object is 


Fig. 6.28 (iii) 
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obtained between the optical centre of the lens 
and its focus. 


The s.me happens in all other of a real 
object, the image always lying between the 
optical centre of the lens and the focus, and 
being always viriual, erect and diminished. 


Even when the object is at F (which 
is virtual), a virtual, erect and diminished image 
is obtained at {/2, where f is the focal length of 
the lens ; for ; substituting u=f in the relation 


ade aE 
v UERN à 
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i v PES vig 
whence, yet i 


Fig. 6.29 
the —ve sign of v indicating that the image is 
virtual as it is on tte same side as the object. 
It is only when a converging beam, appear- 
ing to meet at F, is incident on the lens that 


Convex Lens 


Position of object 


1, At infinity At F 


2. Beyond 2F 


3, At2F Also at 2F 
4, Between F and 2F 


5. At F 


Beyond 2F 


At infinity 


6. Within F 
object. 


Position of image 


Between F and 2F 


On the same side as the 


Nature and size 


Real, inverted and extremely 
diminished, 


Real, inverted and diminished. 


Real, inverted and same size 
as the object. 


Real, inverted and magnified. 


Real, inverted and highly 
magnified, 


Virtual, erect and magnified. 


Concave Lens 


Position of object 


1, At infinity 
the object) 


2. Between infinity and 
the lens. 


Position of image 


At F(on the same side as 


Between the lens and F 


Nature and size 


Virtual, erect and extremely 
diminished. 


Virtual, erect and diminished. 


we get an image formed at infinity, as shown in 
Fig. 6.29. 
We may thus summarise the result in a 
tabular form as on page 170. 
626. SOME USES OF LENSES 
Lenses are used very widely in almost all 
c >tical instruments c.g. 
(i) As a magnifying glass 
(ii) The photographic glass 
(iii) Spectacles 
(iv) Microscopes, telescopes and binoculars 
(v) Projecting lantern and cine-projector 
(vi) Human eye ete. 


6.27, HUMAN EYE 

\ horizontal section of the eye is shown in 
Fig. 6.30. The eye is nearly spherical in shape. 
Its essentia] parts are given below : 
The outermost coating S of 
It is opaque, 
and forms the white of the 


(1) Sclerotic 
the eye is called the sclerotic. 
white and tough 


Fig. 6.30, 


eye. It protects and holds the eye-ball. The 
front portion D, of the opaque sclerotic is 
transparent and more convex than the remain- 
ing portion, This transparent portion which 
bulges out is called the cornea. Its refractive 
index is 1'337. 


(2) Choroid. The second 
the sclerotic is called choroid. 


coat, C, inside 
It isa black 
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membrane which forms the black of the eye 
and darkens the interior of- the eye. 


(3) Retina. The third coat, R which forms 
the innermost coating of the eye is called the 
retina. It is a semi-transparent, delicate 
membrane profusely supplied with nerve fibres 
and blood vessels. Jt is sensitive to light and 
serves the purpose of a sensitive screen for the 
reception of the images formed by the optical 
system of the eye. 


The retina possesses the following two 
important points : 


(i) The yellow spot, y, is situated at the 
centre of the retina. It is a slightly raised spot 
with a minute depression Z at its summit. It is 
yellow in colour and most sensitive to light. 
The central region of the yellow spot is called 
the fovea centralis. 


(ii) The blind spot, 8 where the optic 
nerve N enters the eye is also a raised spot but 
absolutely insensitive to light. It is not covered 
by the choroid and the retina. 


(4) Iris. Behind the cornea there is an 
opaque diaphragm J, called the Iris. Its 
colour is different in different persons and also 
in persons of different countries. 


Tho iris has a central circular aperture P 
called the pupil. The diameter of the pupil is 
regulated by the iris which can contract or 
relax by means of two sets of involuntary 
muscular fibres. In strong light, the aperture 
bp small whereas in dim light it becomes 
arge. 


(5) Lens. Immediately behind the iris, 
there is a double convex crystalline lens L. Its 
back surface is more convex than its front 
surface. Itis built of transparent concentric 
layers. The optical density of these layers 
increases towards the centre of thelens. The 
mean refractive index of the lens is 1437. The 
lens is held in position by means of non- 
contractile tissues suspensary ligaments and 
connected to the sclerotic by the ciliary 
muscles. The ciliary muscles by contracting 
or relaxing change the curvature of the surfaces 
of the eye lens and hence change its focal length 
which is given by the formula. 


Jaen (ta) 


where f=focal length of the lens 
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n= Mean refractive index of the 
material of the lens. 


Ry,Ro=Radii of curvature of the two 
surfaces of the lens. 


(6) Optic Axis. The line, PY, passing 
through the centre of the cornea and that of 
the lens is called the optic axis of the eye. 


(7) Anterior Chamber and aqueous 
humour. The space A between the lens L and 
the cornea D is called the anterior chamber. 
It is filled with a watery liquid containing a 
little common salt. This liquid is called the 
aqueous humour. Its refractive index is 
1:337, 


(8) Posterior chamber and vitreovs 
humour, The space V between the retina R 
and the lens Z is called the posterior chamber. 
It is filled with a viscous transparent liquid of 
refractive index 1'437. This liquid is called the 
vitreous humour. 


Action of the Eye. As the cornea and 
aqueous humour have the same refractive index 
(1°337), they may be regarded to forma single 
homogeneous medium. Thus, on entering the 
eye rays of light from an object suffer first 
refraction through the cornea and the aqueous 
humour. 


On emergence from the aqueous humour, 
the rays of light suffer a second refraction 
Sp the eye lens of mean refractive index 

"437. 


On emergence from the eye lens, the rays of 
light suffer the third refraction through the 
vitreous humour of refractive index is 1:437. 


After the above three refractions, the rays 
of light fall on the yellow spot of the retina 
and give rise to a real, inverted and diminished 
image of the object. The sensation produced 
on the eye is communicated to the brain by the 
optic nerve. The brain interprets this inverted 
Image as if it were erect. In what manner the 
inverted image is interpreted as erect by the 
brain is not clearly understood. 


6.28. POWER OF ACCOMMODATION 


It has been stated in Art. 6.27 (5), that the 
focal length of the eye lens can be changed by 
contracting or relaxing the ciliary muscles, 
When these muscles contract, they thicken the 
lens or make its surfaces more convex thereby 
decreasing its focal length. This enables an 
observer to focus accurately the near object. 


This power of the eye to change the focal 
length of the eye to suit the distance of an 
object is called its power of accommodation. 
The power of accommodation is greatest in 
the case of a child and decreases with advanc- 
ing age. 


Common experience tells us that the eye 
when fully relaxed can see simultaneously 
distant objects situated at different distances. 
A normal eye of a care free observer, when at 
Test, can see objects distinctly up to an infinite 
distance. The limit up to which an eye can see 
distinctly is called its far point. 


On the other hand, it has been noticed that 
when an object is placed very close to the eye, 
it cannot be seen distinctly. The nearest point, 
where an object placed is distinctly visible, is 
called the near point of the eye. When an 
object is placed between the eye and its near 
point, it is not distinctly visible. For a normal 
eye, the near point is at a distance of about 15 
cm. 


The distance between the neaf point and 
the far point is called the range of vision. 


Thus, notice that due to the power of 
accommodation an eye can see distinctly objects 
placed between its far point and its near point. 
In other words its range of vision is infinite, 
Within this range of vision, there is one point 
where objects placed are mostly distinctly 
visible. The distance between this point and 
the eye is called the distance of distinct 
vision, For a normal eye the distance of 
distinct vision is 25 cm. 


6-29. DEFECTS OF THE EYE 


Due to certain causes, an eye cannot 
accommodate itself to various distances, The 
vision is then called defective. The chief defects 
of the eye are given below : 


(1) Myopia (short-sightedness), 

(2) Hypermetropia (long-sightedness). 
Myopia (Short sightedness) 

A man suffering from myopia can see near 
objects but cannot see distinctly far off distant 


objects as his eye ball is roo long for his lens or 
the eye lens become too convergent. 


_Due to the above defects, the image of an 
object situdf€d beyond a certain distance, called 
his far point, is formed in front of retina and 
consequently is either not visible at all or in- 
distinctly visible, 


The myopia may be corrected by using a 
concave leas (divergent lens) of a suitable 
focal length so that parallel rays coming from 
distant objects after refraction through it 
appear to diverge from his far point. 


Suppose the far point of a myopic eye is P. 
Rays starting from an object placed at P are 
focused by the eye Icns on the retina and give 
rise to a distinct vision. Rays starting from an 


object placed within P and his near point N’ 
are made to fall on the retina with the help of 
power of accommodation. It may be noted 
here that his near point N’ is closer to the eye 
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Fig. 6.31. 


than the normal near point N. On the other 
hand, the rays starting from an object placed 
beyond P upto infinity are brought to focus ia 
front of the retina Fig 6.31 (i). Consequently 
it is not distinctly visibie. On placing a concave 
lens of focal length equal to the distance between 
the eye and his far point in front of the eye, 
the parallel rays will appear to diverge from 
P [Fig. 6.31 (ii)]. They will be focussed on the 
retina and thus give rise to a distinct vision. 


Hypermetropic (Long sightedness) 


A man suffering from hypermetropia or 
long-sightedness can sce distinctly distant 
objects but cannot see distinctly near objects 
lying within a certain point as his eyeball has 
become foo small or his eye lens has become 
less convergent. 


Due to the above defect, the image of a near 
object situated within a certain distance called 
his distance of distinct vision, is formed 
behind the retina and consequently is either not 
visible at ali or indistinctly visible. 
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The hypermetropia may be corrected by 
using a convex lens (convergent lens) of a 
suitable focal length so that rays coming from 
an object placed at the distance of normal 
distinct vision (25 cm) after refraction through 
it appear to diverge from a point the distance of 
distinct vision. 


Suppose a hypermetropic eye can see 
beyond N’ upto infinity but objects lying 
between N’ and N are not distinctly seen 
[Fig. 6.32 (i)] where N is the point at a dis- 
tance of the normal distinct vision from the 


(ii) 
Fig. 6.32 


Evidently N’ is farther from the eye than 


eye. c 
from an object placed 


N. The rays starting 
at N’ are focussed by the eye lens on the 
retina and give rise to a distinct vision. Rays 
starting from an object lying beyond N’ upto 
infinity are focussed on the retina by the eye 
jens by means of the power of accommodation. 
But the rays starting from an object placed 
between N’ and N or at N are brought to focus 
behind the retina Consequently, it is not 
distinctly visible. On.placing a convex lens of 
such a focal length that a virtual image of an 
object placed at N is formed at N’ [Fig. 6.32(ii)] 
so that rays appearing to come from N’ are 
focussed on the retina. i 
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6.30 COMPARISON BETWEEN A 
PHOTOGRAPHIC CAMERA AND 


THE EYE 


Camera Eye 


1. The light-tight box 
to prevent the extraneous 
light from outside. 


2, The box is darke- 
ned from inside to stop 
reflection within the 
camera. 


3. A converging lens 
system free from spherical 
and chromatic aberrations 
and other defects to pro- 
duce a real, inverted and 
diminished image on the 
sensitive film. 


4. The sensitive film 
after developing and fixing 
retains a permanent image. 


5. The adjustable dia- 
phragm regulates the size 
of the aperture and hence 
the quantity of light admit- 
ted into the camera. 


6. The shutter regu- 
lates the times of exposure. 


7. The focussing of 
objects at different dis- 
tances is done by changing 
the distance between the 
Jens and the screen which 
is subsequently replaced by 
a sensitive film. 


Ihe opaque sclerotic 
to prevent the extraneous 
light. 


The sclerotic is lined 
with dark charoid, to stop 
reflection within the eye. 


The cornea, the aque- 
ous humour, the crystalline 
lens and the vitreous 
humour constitute the lens 
system to produce a real, 
inverted and diminished 
image on the retina of the 
eye. 


_ The sensation on the 
retina is communicated to 
the brain by the optic 


nerves of the eye. fhe 
impression lasts for a 
moment. 


The iris regulates the 
size of the pupil and hence 
the quantity of light 
admitted into the eye. 


The eye-lids can cut 
off or admit light for any 
period. 


The focussing of 


objects at different distan- 
ces is done by the power 
of accommodation of the 
eye. 


6.31. ANGULAR VISION 
Consider an object AB placed in front of 


the eye at acertain distance (Fig. 6.33). The 
image formed on the retina is ab. If the same 
object is brought nearer to the eye and placed 
in the position 4’B’, the image formed is a’b’. 
Clearly, a’b’ is greater than ab. Thus, to the 
eye the object in the position AB appears 
smaller than when it is placed in the position 
A'B'. It shows that the apparent size of an 
object depends upon its distance from the eye. 


From the figure 6.33, it is clear that the 
angle 4'OB' subtended at the eye by the object 


Fig. 6.33 


in the position A'B' is greater than the angle 
AOB subtended by it in the position AB. This 
shows that the eye estimates the angle subtended 
by an object on it and not the linear size of the 
object. 


The angle subtended at the eye by the 
object or image is called the visual angle. 


The railway lines appear to converge to a 
point though actually they are parallel to each 
other. Similarly, the moon appears to be as 
large as the sun though the latter is known to 
be much greater in size than the former. 


6.32. MAGNIFYING GLASS OR SIMPLE 
MICROSCOPE 


To see the fine details of a small object, we 
have to bring it as near the eye as possible so 
that the angle subtended by it at the eye may 


increase and so appear to be large, But there 
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is a limit upto which it can be brought closer 
to the eye. If it is placed within the distance 
of distinct vision, it is not distinctly visible. 
Consequently to study a minute object we 
make use of magnifying glass or simple micro- 
scope which produces a virtual image at the 
distance of distinct vision of an object placed 
close to the eye. 

A magnifying glass or a simple microscope 
is an ordinary convex lens of short focal 
length. When an object AB is placed within 
the principal focus of the convex lens L 
(Fig. 6.34), the eye Æ placed on its other side 
sees the virtual image A'B’. The distance of 
the object between F, the focus, and O, the 
optical centre of the lens L may be so adjusted 
that the virtual image A'B’ is formed at the 
distance of distinct vision, D (25 cm). The 
image will be then distinctly visible. 

Angular Magnification or Magnifying 

Power of a simple Microscope 

The magnifying power or angular magnifi- 
cation of a microscope may be defined as the 
ratio of the angle subtended at the eye by the 
image formed at the distance of the distinct 
vision to the angle subtended by the object when 
placed at the distance of the distinct vision. 
Thus, if A”B’ is the position of the object AB 
when placed at the distance of distinct vision 
and the eye Æ is very close to the lens L, we 
have 
Magnifying power of the simple microscope or 
magnifying glass 

Angle subtended at the eye by the 
image formed at the distance of 
=, the distinct viston- TE 
Angle subtended at the eye by the 
object placed at the distance of 
the object vision 
= 4^0B' For the sake of clarity 
ZA‘OB' |_4"0 has not been joined 
= ZAOB 
LA'OB 
=t ZAOB [When 9 is small and 
tan Z.A’OB’' (in radians, 0=tan (J 
on AB/OB 
A’B'/OB' 
_ 4B OB 
OB A'B' 
ae See 
@The lenses used in practice are combination 


173 


OB’ 
OB 
D 


[- AB=A'B'] 


or me .(1) 
where D=OB’=Distance of the distinct vision 
from the lens or eye and 
u=OB=Distance of the object from 
the lens or eye 
m=Magnifying power of the convex 
lens or simple microscope. 
Since the image A’B’ formed at the dis- 
tance D is virtual, therefore v=—D. According 
to the lens formula 
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and m=}=1- Bolt F 


where f is the focal length of the convex lens 
D D 25 
=~ =( 145 -1+ > --2 
or m=; ( +F ) + F (2) 
or Magnifying power of the simple microscope 
(convex lens) 
mite Distance of distinct vision 
="T Focal length of the convex leas 

The above relation shows that a convex 
lens of short focal length has large magnifying 
power. 

A simple microscope ordinarily has 8 
magnifying power 20. If greater magnifying 
power is required, we use a compound micro- 
scope. 

6.33. COMPOUND MICROSCOPE 

A compound microscope is an optical 
instrument which is usc! (0 magnify very small 
objects like blood cells, bacteria etc., which 
otherwise cannot be seen clearly with the 
eye. 

The essential parts ofa compound microscope 
are two *convex lenses of short focal length. 

(1) The object glass or objective, 

(2) The eye-piece or lens. 

The distance between the object and the 
objective is little greater than the focal length 


of lenses in order to minimise spherical and chromatic aberrations. 
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Fig. 6.35 


of the objective. Consequently a real, inverted, 
magnified image is produced on the other side 
of the lens. In Fig. 6.35, AB is the object, 
A'B' is the real, magnified, inverted ‘image 
formed by the objective O. This real image is 
then Mees through the eye lens hare ae in 

ly the same way as a magnifying glass 
(See Art. 6.32). 

The distance between the real image and the 
eye-lens SEE than the tooa length of pe lens 
consequently a ma; virtual image is pro- 
duced. The lens is rae so that this virtual 
image is formed at the least distance of distinct 
vision usually taken as 25 cm from the eye. 
A'B’ is the real image formed by the objective, 
AB’ A the virtual image formed by the eye- 
piece E. 


EYE PIECE 


FOCUSSING 
SCREW 


Fig. 6.36 Compound microscope, 


The magnifying power of the com- 
pound microscope is defined as the ratio 
of the angle subtended at the eye by the 


image to the angle subtended at the eye 
the object when placed at the least 
stance of distinct vision. 


Thus for a compound microscope, the 
magnifying powers of magnification is 
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where m. is the magnification produced by 
eye piece and mo- is the magnification produced 
by the objective. 


The magnification produced by a good 
compound microscope is upto 2000 or more. 
The object must be strongly illuminated if a 
bright image is to be seen. 


6.34. ASTRONOMICAL TELESCOPE 
It is an optical instrument used to see 
venly bodies. 


The astronomical telescope consists of two 
convex lenses ; 


(i) the objective O of very long focal length 
and wide aperture, and 


(i) the eye-piece E of very short focal 
length and small aperture. 


The eye-piece E is fixed in a brass tube 
which can slide in the second tube at the other 
end of which the objective O is fixed. The 
Objective and the eye-piece are not single lenses 
but convergent combination of lenses free from 
8] 5 ical and chromatic aberrations and other 

ects. 


„Let XY be the common principal axis of the 
objective O and the eye-pięce E. Imagine that 
the objective O is facing a distant object. Let 
it be situated at right angles of XY produced. 
Since the object is far off we may suppose that 
a parallel beam started from its top. This 
parallel beam is inclined to the XY at a small 
angle +. (Fig. 6.37). 


lf ‘he beam had been parallel to XY, after 
refraction through the objective O, it would 
have been brought to its principal focus F lying 
on its principal axis XY. Since it is inclined 
to XY, it is brought to focus at J which lies on 
the secondary axis or the focal plane. Thus, / is 
the image of the top of the object. Draw IF 


perpendicular to XY. Then /F is the image of 
the distant object formed by the objective O. 
The image IF is real, inverted and diminished. 


Suppose IF is at the principal focus of the 
eye-piece E. A ray JE passing through its 
optical centre will go straight along ZEC. 
Other rays from the image / after refraction 
through the eye-piece E will be formed at 
infinity. This adjustment of the telescope is 


called normal adjustment This is shown in 
Fig. 6.37. 
OBJECTIVE EYE PIECE 


Fig. 6.37 


If the image IF, lies between the focus F- 
and the optical centre of the eye-piece E, the 
final image A'B’ will be virtual and magnified 
but inverted in the original sense of the object. 
The distance of the eye-piece E from IF can be 
so adjusted that the image A'B’ is formed at 
distance of distinct vision. This is shown in 


(Fig. 6.38). 

In order to trace the course of rays forming 
the final image A'B’ we need to take two rays. 
The ray IL travelling parallel to the principal 
axis XY, after refraction at the eye-piece E 

through its principal focus Fe. Another 
ray IE passing through its optical centre goes 


OBJECTIVE EYE PIECE 
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straight along IEC. These rays when produced 
backwards appear to meet at A’ which is, 


_ therefore, the virtual image of 7 The other 


rays forming the image / after refraction at the 
eye-piece also appear to diverge from 4’. 
Draw A’B’ perpendicular to XY. Then A's’ 
is the final image. It is virtual erect in the 
sense of JF but inverted in the sense of the 
distant object, and magnified. 

Since the final image formed by it is invert- 
ed, the telescope described above is used for 
seeing the celestial objects only. 

Magnifying power of the Astronomical 
Telescope may be defined as the ratio of 
the angle subtended at the eye by the 
image to the angle subtended at the eye 
by the object. 


It can be proved mathematically that 


na 
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where m= magnifying power or angular magni- 
fication of the telescope. 


F=focal length of the objective 
f=focal length of the eye-piece. 


For high angular magnification or magnify- 
ing power, it is clear from the above expression 
that F, the focal length of the objective should 
be large whereas the focal length of the eyo- 
piece should be small. 


It will be noted that distance between the 
objective O and the eye-piece E is equal F+f 
when the telescope is in normal adjustment 
(Fig. 6.37). 

When the telescope is adjusted in such a 
way that the final image is formed at the dis- 
tance of the distinct vision (Fig. 6.38), the 
length of the telescope is slightly less than F-+-f, 


The objective of the Yerkes telescope has a 
diameter of 1'08 m and a focal length of 
18°6 cm. Its eye-piece is of focal len 
0°64 metre. Its weight is about 23 quintals. 
Its magnifying power is about 300. 


6.35. DISPERSION OF LIGHT BY A 
PRISM (The splitting of white light) 


Take a prism or a lens; hold it close to 
your eye and use it to view objects in the 
room You will find that the edges of the 
various objects appear to be of several. colours. 
This will be seen most easily through a giess 
prism. 


and 


Sir Isaac Newton was the first to investigate 


the effect, Sometimein 1666 Newton darke- 
ned his room at Trinity College, Cambridge, 
and allowed a 


beam of sunlight to pass through 
a small, circular hole in the shutter of his room, 
forai a white, circular patch on the opposite 
wall, He then placed a triangular glass 
in the path of the beam of light. 
found, firstly, that the white spot on the wall 
changed its and, secondly, the 
Tight was no longer white but coloured, 
{Newton examined the colours very carefully 
and could make out the seven colours of the 
: red, orange, yellow, green, blue, 
indigo and violet, in that order. But there 
was no clear distinct line between one colour 
and the ‘other. This coloured band he 
called a spectrum. 


Now try to produce a spectrum yourself. 


aper ens: To produce a spectrum of 
white light. 


Requirements. The ray apparatus pro- 
ducing white light, triangular glass prism, 
white screen. 


Procedure. Let a narrow baam of white 
light from the ray apparatus strike the prism 
and allow the beam that comes out of the prism 
to strike the white screen. Examine what 
appears on the screen (Fig. 6.39). 


On the screen, instead of white light which 
you would see at A in the absence of the prism, 
you should now see coloured light at B. If 
you look carefully you will be able to make 
out the seven colours of the rainbow in the 
order given above. You will not be able to 
see each colour standing separately, as they all 
run into one another. 


Explanation. The prism is able to split 
white light into its seven colours because the 
glass can bend the different colours by different 
amounts so that on coming out of the prism 
they come out separately at different angles 
(Fig. 6.39). The colour violet is bent the most, 
while the red is bent least. 


: This splitting of white light into 
various colours is known as dispersion 
and the colours obtained on the screen form 
the spectrum of white light. 
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Fig. 6.39. Dispersion of white light. 
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Fig. 6.40. Production of a pure spectrum. 
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Fig. 6.41. 


Pure spectrum, It has been said above that 
the spectrum consists of colours which run into 
one another, i.e., they overlap. The spectrum 
as formed above is therefore not pure. By 
combining the prism with two lenses, it is 
possible to produce a pure spectrum in which 
each colour is distinct from the other. 
Fig. 6.40 shows how this is done. The slit 
through which the light originates must be 
narrow, and the prism must be placed in a 
special position. You will learn more about 
this in the higher classes. 


Newton wanted to know if each colour 
could be split further, and so he made a tiny 
hole in the screen to let out each colour of the 
spectrum on to another prism. But he dis- 
covered that there was no further split, and 
therefore concluded that the seven colours were 
pure colours, 


6.36. COMBINATION OF COLOURS TO 
GET WHITE LIGHT 


Just as white light can be split into its 
component colours, so these colours can be 
recombined to give white light. The following 
two methods may be used for this : 


1. By placinga simalar prism in the path 
of the split colours but ina direction opposite 
to the first prism, as in (Fig. 6.41). Note that 
the two prisms combined behave as the ordi- 
nary glass block and the emergent white beam 
is parallel to the incident white beam. 


2. By using Newton’s Disc. Newton’s disc 
is a circular piece of cardboard on which are 
painted the seven colours of the spectrum in 
their correct proportion. When the disc is 
rotated rapidly the colours will merge together 
to give a white colour if pure spectral colours 
are used (see Fig. 6.42). This is because our 
eyes possess a property known as persistence 


Re-combining colours to give white light. 


or duration of vision ; the light from one colour 
forms an image which persists on the retina 
until each of the other colours in turn. has 
been reflected to the eye, Thus, in effect, we 
see all of them at once, and they blend together 
to give a white effect. Because certain colours 
fade rapidly, it may not be possible to get a 
pure white effect. i 


6.37. RAINBOWS 


These are formed in the same way as tho 
spectrum is formed by a glass prism. They 
are formed not by glass but by tiny drops of 


ao 


Fig. 6.42. Newton's disc. 


water suspended in the sky soon after rainfall. 
The white beam of light comes from the sun 
and passes through these spherical transparent 
water drops. On coming out of the drops, the 
white beam is split into the seven colours of 
the rainbow. 
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638. COLOUR OF OPAQUE OBJECTS 
Try the following experiment. 


Experiment. To study the colour of 
objects as seen by light from the various parts 
of the spectrum of white light. 


Requirements. Same as for Experiment to 
produce spectrum of white light in Art. 6.35: 
ribbons of different colours. 


Procedure. Obtain a pure spectrum of 
white light and hold all the ribbons in turn in 
each of the different colours of the spectrum. 
Note the colour of the ribbon as seen in each 
colour of the spectrum. 


Record your observation in the following 


Red Yellow Green 


Yellow 


The table should show that a red ribbon 
appears red in the red portion of the spectrum 
and black in all others, and a white ribbon 

red in the red portion, blue in the 
blue portion, yellow in the yellow portion and 
80. Qn. 


Explevation. Every object is seen by the 
light it retiects to the eyes. The fact that a 
ribbon appears red in white and in red light 
Dar in all other colours shows that the 
ribbon can only reflect red light while it 
absorbs all other colours. When white light 
falis em it, it reflects the red portion and 


absorbs all others ; when red light falls on it, 
it reflects the red, and when any other colour 
falls on it, it absorbs all the colour. 


Red, blue and green colours, known as the 
primary colours, will reflect only their own 
colours ; that is, a red object will reflect red 
light, a blue one will reflect blue and a green 
one will reflect green. All other colours will 
reflect their own cclours with one or two others. 
For instance, the yellow ribbon appears yellow 
in the yellow portion of the spectrum but also 
appears red in the red and orange in the 
orange portion. This means that the yellow 
tibbon, apart from reflecting yellow light, is 
also able to reflect red and orange. 


The experiment explains the colour of 
Opaque objects. The colour of an opaque 
object depends on the colour that is reflected by 
it. This in turn depends on the colour of the 
light incident on it. The yellow costume put 
on by an actor on the stage suddenly turns 
green when green light shines on it and red 
when red light falls on it, while a red costume 
suddenly turns black when green light shines 
on it. The colour generally ascribed to an 
object is the colour it presents when white light 
falls on it, that is, in daylight. For example, 
we say a book cover is red because it appears 
red in daylight. 


You will have had the sad experience of 
buying a dress or a shirt which appears very 
beautiful in artificial daylight from the lamps 
inside the shop and turns out to be some other 
colour on coming out of the shop. 


Coal appears black in all colours, because 
i cannot reflect any colour; it absorbs all of 
them. 


6.39. COLOUR OF TRANSPARENT 
OBJECTS 


Try the following experiment : 


Experiment. To study the colour of trans- 
parent objects as seen by light from the various 
Parts of the spectrum of white light. 


Requirements, Same as for Experiment to 
produce spectrum of white light -in Art. 6.35 ; 
coloured filters (glass or plastic). 


Procedure (a) Obtain a pure spectrum of 
white light on a white screen. Hold each filter 
between the prism and the screen. Note the 
colours that remain on the screen. 


Record your observation in the foliéwing 
manner : 


Colour of filter Colours seen on the screen 


You will notice that each of the filters allows 
its own colour to pass through. In particular, 
the red, green and blue (the primary colours) 
allow only their own respective colours to pass, 
while each of the others allows one, two or 
even three other colours to pass along with 
their own colour. For instance, the orange 
filter will allow red, orange, yellow and green 
to pass through it. 

(b) Hold each coloured filter close to your 
eye and use it to view the different coloured 
objects you can find around you : e.g., clothes, 
books and wails. 

Record your observation in the following 
table : 


Colour of 
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You will notice from fhe above table that 
the red book appears red when viewed through 
the red filter, but black when viewed through 
any other filters. Also the yellow dress 
appeats yellow through the yellow filter, bet, 
in addition, appears red through the red 
and orange through the orange er. 
green bottle also appears green through a green 
filter and the blue dress blue through @ Ihe 
filter. Only the red, the green and the biae 
books will give this result while all other 
colours will give results similar to those of the 
yellow one. 


Explanation. The colour of transparent 
objects depends on the colour of light which 
they allow to pass through jhem (i.e, which 
they transmit). A pon glass is green be 
cause it allows green light to pass through. it 
and absorbs all other colours. If placed 
yellow light it will appear black, as it does not 
allow yellow light to pass through it, ie» it 
absorbs it, 

Red, green and blue filters transmit only 
their own colours and absorb all others, where- 
as other coloured filters transmit their own 
colours and one or two other colours. 


6.40. LIGHT AS A WAVE 


ey 
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-because they are particularly impressive with 


. When the opportunity arises, take a good 
c st soap bubbles or soap films or oil films 
on water.. Note the colours of the reflected 

ght; sometimes brilliant, continually changing 
These result from the wave nature of 


colours, 

light (Interfetence of light). The wave pro- 
perties of light are more diverse and more 
important than the colours in soap bubbles, yet 
that is & simple, familiar phenomenon that 
demonstrates the existence of light waves. 


The waves'of light are very short and they 
cover a broad range The wavelength is 
associated with colour. The longest waves, 
those at the red end of the spectrum, are about 
0°00007 cm in length in air (0'7 pm or 700 nm) 
while at the violet end the wavelength is 
000004 cm (0°4 um or 400 mm). Because of 
this small wavelength, is it any wonder that 
the establishment of the wave nature of light 
was a long and difficult process ? 


If you look at a distant Myhted electric 
bulb through your two fingers jt touching 
each other with a little gap in between, you 
will see a small pattern of fringes. This is 


formed due to diffraction of light. 


Light is not a mattsial vibration like sound, 
but it is an oscillating electric and magnetic 
field. Because of this, light can pass through 
a vacuum whereas sound, which is a material 
wave, cannot. The speed of light is 3 00x 108 
msi or 3X105 km/s in a vacuum, almost 
exactly the same in air, but somewhat less in 
a denser medium. 


Like radio waves, light is an electromagne- 
tic wave. Basically radio waves, television 
signals ; microwaves ; heat waves ; light ; ultra 
violet light and X-rays, all belong to the same 
category. These waves differ only in their 
frequencies ; within visible region, the colours, 
red, orange, yellow, green, blue, indigo, violet 
have respectively higher frequencies. 


SOLVED EXAMPLES 


Example 1. 


A ray of light is incident on a slab of glass 
atan angle of 45°. If the refractive index of 
glass is 1°6", what is the angle of refraction? 
What is the critical angle of glass ? 


Solution. 
Here, Angle of incidence =i=45° 
Refractive index of glass with respect to air 


=n;= I 
Angle of refration=r=? 
Critical angle of glass=i,=? 


5 sin į 5 
Since red ="ng (Snell’s Law) 
= o 
sin 45 60 
sin r 
DWN 6g 
sinr 
in p= 07071 0-441 


(~ sin 26° 10’=0°441) 
Again sin i=- where i,~=Critical angle 
Ng 
of glass 


aa oe fe eae 
. sin b= 0625 
i=38 40 (r 
Example 2. 


A glass slab is 6 cmx3 cm x 12 cm in size. 
It can be placed on a line drawn ona white 
paper with any of the three dimensions vertical, 
How much does the line appear to be raised 
up in each case when seen through glass ? 
Refractive index of glass ig 1°50. 


Solution. 
We known that 


sin 38°40'=0'625) 


aes Real depth 
° Apparent depth 


Apparent depth = Seal depth 
g 


Here, ‘n,=150 
(i) When the real depth=6 cm 


Apparent depth= 5 =4 cm 


Thus the line appear to be raised up by 
2cm, 


Ss 


(ii) When the real depth=3 cm 


Apparent depth= a cm 
; Thus’ the fine appear to be raised up by 
cm. 


(iii) When the real depth=i2 cm 


Apparent depth = — cm 
Thus the line appear to be raised up by 
4 cm. 


Example 3. 

Consider a right-angled prism ABC (Fig. 
6.43). What should be the minimum refractive 
index of glass so that light incident normally 
on the face AC is totally internally reflected by 
faco HA It will then come out normally from 
ace AB. 


Solution. 


Since the ray of light PN is incident nor- 
mally (i.e., i=0) on the face AC so its angle of 
refraction is zero. In other words, the ray PNO 
will pass through the glass prism undeviated. 
This ray falls on the face BC at O and is totally 
internally reflected at O and then comes out 


normally from face AB. 
c 


Fig. 6.43. 
By geometry; LNOM=90° 
Let OL be the normal at O. 
. ZLNOL=angle of incidence 
and ZMOL=angle of reflection 
Since Z NOL= Z MOL (Laws of 
<. LNOL=45° 


reflection) 
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If the ray PNO is to be totally internally 
reflected at O, it must fall at O at an angle 
equal to the critical angle (i+) for glass for the 
refractive index of glass to be minimum. 


+. Critical angle of glass=i.=45° 
Now a inh 
. Minimum refractive index of glass 


1 1 j 
-m= aa OTT 
Example 4. 

A thin lens has a focal length of —25 cm. 
What is the power of the lens and what is its 
nature ? 

Solution. 


Power of a lens (in dioptres) 


1 
=P= focal length in metre 
> SETO Si 
= Focal length in cm 


100 


=- = — 4 dioptres 


It is a concave (or diverging) lens. 


Example 5. 

A convex lens of focal length 5 cm is used 
as a simple microscope. What is its magnifyin 
power if the final image is at the distance of 
distinct vision (25 cm) ? If it is used as eyepiece 
in a compound microscope with objective of 
magnifying power 40, what is the magnifying 
power of the compound microscope ? 
Solution. 

Magnifying power of a simple microscope 


nis 


ces 
=i+7 
=1+5=6 
Since, magnifying power of a compound 
microscope 


=magnifying power of the objective x magot- 
fying power of the eyepiece 
or m=m XM, 
=40x6 
= 240 


Example 6. 

A ray of | is incident on a slab 
at an al ineldence íi. Let 

of refraction be r, If i+r=90°, show that 
tan /=°n,. 


Solution. 
Let °n,=Refractive index of glass slab 
Angle of incidence 
Angle of refraction=r 
According to Snell's Law of refraction 
sin i 
ior ™ 
i+r=90° (given) 
` r=90—~i 
or sin r=sin (90—i)=cos / 
Putting (2) in (1), we have 
sin j 


val) 
Now, 


+2) 


-» Magnifying power of the magnifying 


F=60 cm and f=5 cm 
s. Magnifying power=- m =12 


Example 9. 


It is required to project a 3 cm square slide 
so as to give 30 cm square picture on a screen 
at a distance of 11 metre from the slide. What 
should be the focal length of the Projecting lens 
you would use and where would you place it ? 
Solution. 

Length of each side of the slide=0=3 cm 

Length of each side of the picture 

=J=30 cm 
u+vell m 
I y 
BE 
30 x 


.(i) 


or ve: — JOu 
Putting (ii) in (i), we get 
—u—10u=11 
u=—Im 
Putting (i//) in (ři), wo get, 


v= 10 m 


Example 10. 
A student with defective eight 


clearly nothing that is further f 


can 
m his eye 


Solation. 
Here, u=- a 
v= — 50 om 
Power of the lens=p=? 
LR EI 
Fe Oe 
b-et 
À. f= —50 cm 
Hence, power of the lens=p 
= 100 100 
focal length incom —30" 


Thus a convex lens of focal length 33°33 cm 


is required. 


ate 1 
E 
1 
TR 
fu-W om 
Since the focal length of the 


or 
or 


the beam of 
virtual i 
diverging 
om, 


SUMMARY 
1. Refraction (or optical refraction) is the bending of light rays as they pass obliquely from one 


angle of refraction. The constant is denoted by m. 
3. Refractive index. When light travels from medium 1 into a medium 2, the refractive index ‘my 


(it) For two given media, IEL is n constant, where / is the angle of Incidence and r is the 


medium Into another of different optical density. 
2. Laws of refraction. (i) ‘The incident, refracted ray and the normal all lie ia the same plane, 


can be defined as 


one 
ony na X ny 
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10. 


11. 


12. 


13. 


14. 


15. 


When light travels from air to water to glass, the boundaries of the media being parallel, 
“n sin į” is again a constant quantity. Thus, if na(=1) is the refractive index of air, then 
Na SiN ia=Mw SiN İw=ng SİN ig. 
Real depth 
Apparent depth ` 
Refraction through a parallel—sided plate. Th 
(i) The emergent ray is parallel to the incident ray. In other words, the angle of incidence is 
equal to the angle of emergence. 
(ii) The emergent ray is displaced laterally with respect to the incident ray. 


ii) The lateral displacement, for a given angle of incidence, is proportional to the thickness 
of the plate. 


Refractive index (n)= 


Total internal refiection : Critical angle. Two conditions are necessary for total internal 
reflection to occur ; 


(i) The light must travel from a dense to a less dense medium. 


(ii) The angle of incidence in the dense medium must be greater than the critical angle, ic, 
between the two media. 

The critical angle, ic, is defined as the angle of incidence in the dense medium when the angle 

of refraction in the less dense medium is 90°. 

Mirage is an optical illusion, in which inverted images of distant objects are seen, as if reflected 

from a pond or a lake or sometimes, as if suspended in the atmosphere. It can be explained 

on the basis of total internal reflection. 


The light pipe is a curved rod of glass or transparent plastic so that light entering through one 
end undergoes total internal reflection at several points (provided the curvature of the rod is 
not too great) and emerges through other end. 


The whole study area based upon this principle is called fiber optics. It finds many uses 
in practical day life. 
A lens is a piece of transparent material, usually glass, bounded by two spherical surfaces, 
Essentially, there are two types of lenses : 

(t) Convex lenses which are thicker at the centre than at the edges, and 

(ii) Concave lenses which are thinner at the centre than at the edges. 
The convex lens converges a parallel beam of light on refraction and is, therefore, also known 
as a converging lens. On the other hand a concave lens diverges a parallel beam of light on 
refraction and is, therefore, also called a diverging lens. 
Convex lens. (i) has a real focus 


(ii) produces real and inverted images when the object is further from the lens than the focus. 
When the object is nearer to the lens than the focal length, an erect, virtual, and magnified 
image is obtained. 


Concave lens. (i) has a virtual focus 

(i) produces an erect, virtual and diminished image of an object, and 

(iii) A virtual object may produce a real image 

Image formation (Graphical method). In accurate drawing of images with both types of lenses, 


(a) the lens is represented thin, (b) a ray through the centre of the thin lens (i e., optical centre) 
pua straight through the lens, (c) a ray parallel to the principal axis is refracted through the 
focus. 


Principal foci. A lens has two principal foci ; a beam parallel to the principal axis incident 
on the left side of the Jens is refracted through one focus (called the “second Principal focus”), 
whilst a similar beam incident on the right side of the lens is refracted through the other focus 
(called the “first principal focus”). 

Lens formulae : 


(i) New cartesian sign convention : 
rahe 
(Tae Rime 
(ii) For a convex lens ; f is + 


For a concave lens ; f is — 


I 
f 


16. 
17. 


18. 


21. 


22. 


(iii) The linear magnification, =T=- 


The focal length of a lens depends upon the refractive index of the material from which it is 
made and the curvatures of the two surfaces, More the curvature, shorter the focal length. 
Power (p) of a lens is the reciprocal of its focal length (f ) 
1 
er 
If the focal length is measured in metres, the power of the lens is in dioptres. 


If we take a number of thin lenses and place them in close contact, then the power of the 
combination p is the algebraic sum of powers of the individual lenses, l.e., 
P=p tpit prt 


The eye. This contains (i) a crystalline lens, (ii) ciliary muscles which control the radii of the 
lens surfaces and hence the focal length, (di) the retina, a sensitive “screen” at the back of the 
eyeball, covered with nerves linked to the o tic nerve. The iris of the eye is a diaphragm with 
a circular (black) hole in the middle called the pupil ; the colour of an eye is the colour of the 
iris, The aqueous humour is a weak salt solution in front of the lens ; the vitreous humour is 
a gelatinous substance between the lens and retina. The cornea is the tough transparent 
spherical bulge in front of the lens. 


The use of two eyes gives a three-dimensional view, bringing with it a sense of distance. 


Far and Near Points : Accommodation. A person with normal vision can see clearly objects 
a very long way off. The far point of a normal eye is thus “infinity”. 


The nearest point which the eye can see distinctly is about 25 cm for normal vision. The 
distance Konseri, D, is called the /east distance of distinct vision of the eye. 


With normal vision, the eye is fully relaxed or “unaccommodated” when viewing objects 
at infinity. When the object is at the least distance of distinct vision and is focused by the eye, 
the ciliary muscles are fully strained and the eye is said to be “fully accommodated”, 


Myopia or Shortsightedness. Tn this defect the far point is near the eye, and rays from infinity 
now come to a focus in front of the retina. 

Correction is made by a diverging lons, whose focal length is equal to the distance of the 
far point from the eye. 
Hypermetropia ot Far sightedness. In this defect of vision, the far point of the eye is normal, 
but the near point is further from the eye than 25 cm. 


Correction is made by a suitable converging lens. 


A microscope magnifies the image of an object enabling us to study its details which are too 
small to bs seen by naked eyes. 3 


Linear magnification (m) of a simple microscope or magnifying glass is given by 
D 25 
m=1+ FE 1+ F 
where D is numerically the least distance of distinct vision and f is the focal length. 


Ci und microscope. This has two converging lenses, both of short focal length. In using 
the instrument, 


(i) the object is placed slightly further from the objective than its focal length ; 
(ii) the real image formed is viewed through the eye piece, acting as a magnifying glass. 
The magnifying power or magnification m =M objective eye piece. It is the product of 
the magnifying powers of the objective and the eye piece. 
Astronomical Telescope. It is a device for viewing distant objects. It consists of two con- 


verging lenses. The one which receives the light from the object is called the objective, the 
velar fens through which we view the object is called the eyepiece. ‘ 


When the final image is at infinity, the telescope is said technically to be in norma | 
adjustment. 

The magnifying power of the telescope, in normal adjustment, is given as 
Focal length of the objective _ F_ 


™="Focal length of the eye piece f 
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The distance between the lenses=F+f 


Astronomical telescope. Final image at near poini. The final image is now virtual and distant 
D nos ek piece ; the image produced by the objective is thus nearer to the eye piece than 
its focal len; 


24. The splitting of a beam of white light into different components when it passes througn a 
transparent medium, such as a glass prism, is called dispersion of light. The refractive index 
of a given material depends on the spectral colour of light. 


25. Rainbow isa display of colours that occurs just after rain when the sun is shining. There are 


innumerable tiny droplets of water in the atmosphere and each of these split the sunlight into 
its spectrum which forms a rainbow. 


26. An opaque object reflects certain colours and absorbs the Test. A red rose in the day time 
aces red because it reflects red light and absorbs other colours. 


Similarly, the colour of light in which we view an object also affects the colour of that 
ol . For example, a red rose when illuminated by blue light would appear black as there is 
no red light to be reflected by the rose. 

27. Light exhibits all the properties of a transverse wave. Light travels in vacuum as well. Light 
is an cletromagnetic wave. It shows interference; diffraction and Polarization. Unlike 
sound, the wavelength of light is extremely small, about 6x10-7m. This accounts for the 
difficulty in our observing the phenomena of interference and diffraction of light. 


The colour of thin films, like those of soap bubbles or soap films and of oil films on water 
is due to interference of light. 
QUESTIONS 


[A] Objective Type Questions 
1. Complete the following sentence : 


When a ray of light is going from a less dense medium into a denser medium, it is bent 


s.s. the normal but when it is going froma denser medium into a less dense one 
it is bent............the normal. 


2. Using Fig (6.44) the refractive index n of the transparent rectangular block is 


MEDIUM ¢ 


Fig. 6.44, 
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sin u 
sin x 
sinw 
») ‘ine 
. Which of the following statements is not true for Fig. (6.44) ? 
(a) for glancing incidence, the refracted ray bends towards the normal ; 
(b) the angles of incidence and refraction always have different values ; 
(c) the emergent ray is always parallel to the incident ray. 
(d) the light travels at a slower speed in medium 2 than in medium 1, 
(e) the incident ray, the refracted ray and the normal at the point of incidence all lie in 
the same plane. : 
. Refer Fig. (6.44). Which of the following statements is true ? 
(a) the light waves have different wavelengths in both medium 1 and medium 2. 
(b) the light waves have different frequencies of vibration in medium 1 and medium 2, 
(c) all of the light incident on the point O enters the block and is bent towards the 


normal. 
(d) the ratio of the angle of incidence to the angle of refraction is a constant. 


(e) medium 2 is optically less dense than medium 1. 
. Using the dimensions given in the diagram, Fig. (6.44), the refractive index of the block 
is 


(c) 
(d) 147 
(e) 1:33 
. The critical angle i, for the medium 2 (Fig, 6.44) is 


aced ina dark room and then 


$ le and a blue flower on a green stalk are pl 
A red ARR at s appearance of the articles wili 


illuminated with light coming from a yellow filter. Tbe 


be 
apple flower stalk 
(a) yellow yellow yellow 
(b) black green blue 
(c) green blue red 
(d) red black green 
red black 


(e) blue 
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8. A cross x is marked on a Piece of paper and is then viewed normally through a glass 
cube placed on top of it. The cross will appear 
(a) distorted horizontally 
(b) displaced vertically downward 
(c) displaced vertically upwards 
(d) deviated slightly to the right 
(e) deviated slightly to the left 
Select the best answer. 


9. The refractive index n of a medium can sometimes be expressed as 


+) „— Speed of light in the medium 
On speed of light in vacuum 
real depth 

Coram apparent depth 


f sini 
(iii) n= BnF 


Decide which answer (s) is (are) correct and then choose from the following : 
(a) (i) only is correct 
(b) (iii) only is correct 
(c) (i) and (ii) are correct 
(d) (ii) and (iii) are correct 
(e) (i), (ii) and (iii) are correct. 
10. A person with defective vision can only accommodate over the Tange of 20 cm to 
400 cm from his eyes. This Person is suffering from 
(a) myopia (short sight) 
(b) hypermetropia (long sight) 
(ce) a combination of myopia and hypermetropia 
(d) lack of accommodating power 


11. The most suitable Correcting lenses for the person in Q. (10) would have a Power, in 
dioptres (m1) of 
(a) —4:00 
(6) —0:25 
(c) +025 
(d) +100 
(e) +400 


12. A long-sigħted person cannot see clearly objects nearer to his eye than 50 cm. To 
enable him to read a book 25 cm away, he should use spectacle lenses whose power in 
dioptres (m-1), ig 


(a) -6 
(b) —4 
(c) -2 
(d) +2 


© +4 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
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A 


Assertion Reason 
A short-sighted person whose far his unaided eye tends. to form an 
point is 50 cm from his eyes because image of a distant object behind 
needs a diverging spectacle lens the retina. 


of focal length 50 cm. 


Answer 


(a) if both assertion and reason are true statements and the reason is a correct expla- 
nation of the assertion. 


(b) if both assertion and reason are true statements but the reason is not a correct 
explanation of the assertion. 


(c) if the assertion is true but the reason is a false statement 

(d) if the assertion is false but the reason is a true statement 

(e) if both assertion and reason are false statements. 

Convex lenses always 

(a) have two spherical surfaces 

(b) are thinner ia the middle than at the edges 

(c) are thicker in the middle than at the edges 

An object is more than one focal length away from a converging lens. As the distance 
of the object from the lens increases the distance of the image from the lens 
(a) increases 

(b) decreases 

(c) remains the same 


In question (15), the size of the image 
(a) increases 

(b) decreases 

(c) remains the same. 

When a person uses a convex lens as a simple magnifying glass, the object must be 
placed at a distance from the lens of 

(a) a little less than one focal length 

(b) a little more than one focal length 
(c) a little less than two focal lengths 
(d) a little more than two focal lengths 
The image produced by a concave lens is 
(a) always virtual and enlarged 

(b) always virtual and reduced in size 


(c) always real 
(d) sometimes real, sometimes virtual. , 


Real images formed by single convex lenses are always 
(a) on the same side of the lens as the object 

(b) inverted 

(c) erect 

(d) smaller than the object. 
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22. 


24. 


Bs 


&3 


2. 


A virtual image is formed by 
(a) a slide projector 
(6) the ordinary camera 
(c) a simple microscope. 
A convex lens produces a virtual image. The distance of the object from the lens 
(a) must be less than one focal Jength 
(b) may be more than two focal lengths 
(c) may be between one and two focal lengths 
(d) must be two focal iengths. 
An object is placed 12 em from a convex lens whose focal length is 10 cm. The image 
must be 
(a) virtual and enlarged 
(b) virtual and reduced in size 
(c) real and reduced in size 
(d) real and enlarged. 
An object is placed 20 cm from a concave lens whose focal length is 10 cm, The image 
must be t 
(a) virtual and enlarged 
(b) virtual and reduced in size 
(c) real-and reduced in size 
(d) real and enlarged. 


An object is placed 25 cm from a convex lens whose focal length is 10cm. The image 
distance is ............ em. 


. If the object in Q. (24) is 4 cm tall, the height of the image is ........... cm. 
The distance of an image from a convex lens is the same as that of the object. The" 


distance of ihc object from the lens 

(a) must be less than one focal length 

(b) may be more than two focal lengths 

(c) may be between one and two focal lengths 

(d) must be two focal lengths. 

The pupil in the eye corresponds to the ......... in the camera. 
A camera is used to photograph a distant object. If the focal length of the lens ig f, 
the distance of the film from the lens should be 

(a) slightly more than *2f 

(b) slightly less than 2f 

(c) slightly more than f 

(d) slightly less than f. 


The distance of distinct vision for a normal eye is 
(a) 25 cm 

{b) 25 m 

íc) 025 cm 

(d) 235 cm 


s 


H 19: 


30. A convex lens bas a focal length of 20 cm. its power in dioptres is 
(a) 2 
(h) 5 
(c) 0'5 
(d) 0'2 
31. An optical instrument in which eye-piece used in a concave tens is 
(a) An astronomical telescope 
(b) A Galilean telescope 
(c) A Compound Microscope 
(d) A slide projector 
(e) A Simple Microscope. 
32. Myopia is corrected by using 
(a) a convex lens 
(b) a concave lens 
(c) a plane mirror 
(d) a convex mirror 
(e) a concave mirror 
33. The objective of a compound microscope isa 
(a) Convex lens with large aperture and large focal length than eye-piece 
(b) Convex lens with a small aperture and small focal length than eye-piece 
(c) Convex lens with a small aperture and large focal length than eye-piece. 
34, The power of a lens is — 5D, its focal length is 
(a) 20m 
(b) —0'2 m 
(c) 200m 
(d) 5m 
[B] Very Short Answer Questions : 
. What is a convex lens ? 
Does a concave lens produce the same type of image as a convex lens ? 
. What happens to a ray of light when it passes through the optical centre of a lens ? 
. What type of image is formed by a converging lens when the object lies between «| 
principal focus and the optical centre of tif lens ? 
5. What is the nature of the image formed by a diverging lens ? 
6. What is power of a lens ? 
7. What is the power of a glass plate zi 
8 
9 


= won 


. What is the position of near point for a normal eye ? 

. What is the position of far point for a normal eye ? 
10. What is the expression for the magnifying power of a simple microscope ? 
11. An optician has lenses of power 


X=+45D 
Z=-05D all 


Which one has maximum focal length ? ‘gi 
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15. 
16. 
17. 
18. 
19. 
29. 
21. Define critical angle. 
22. 
z2. 
24 
25. 
26 


- An old woman is advised to use lenses of power +2:5D, What defect of vision is she 


suffering from ? 


. A 12 year old boy is unable to see a tree beyond a distance of 400 cm, but can see the 
nearby objects very well. What is this defect of vision called? What is his far point ? 


14. Does light travel faster in air or in water ? 


. Suppose light is travelling from water into glass, in what direction will it be bent 7 
. Define refractive index. 


. What is refraction of light ? 

. Define dispersion of white light. 

. What is spectrum of white light ? 

. What will a red flower look like in yellow light ? 


. Mention one major use of “fiber optics”. 

. Why is it difficult to observe the phenomena of interference and diffraction for light ? 
. Does light travel in vacuum ? 

. Is light an electromagnetic wave ? 


. Power of Ist lens is 4 dioptres and that of the 2nd lens is — 10 dioptres. What is the 
power of the combination ? 


27. What is a light pipe ? 


28. Out of two convex lenses of focal length 100 cm and 15 cm, w! 


hich one will you prefer 
for using as a simple microscope ? [Hints : One of f=15 cm.) [4.1.S S 1987) 


[C] Short-Answer Type and Essay-Type Questions: 


1. (a) What is a lens ? 


(b) What is the difference between a convex lens and a concave lens ? 


(c) Define : Principal axis ; optical centre + Principal focus and focal length of a lens. 
` Give diagram to illustrate your answer. 


2. Derive the lens formula 
| IRON? et | 


ea FA) ET 
where the symbols have their usual meanings. 


Mention the assumptions and sign conventions used. 


3. Define magnification produced by a lens and de; 


(i) convex lens and (ii) concave lens, MEMES I Assar ie tho case of 


4: Dicot the siz 


remy e, position and nature of the image formed by convex lens when the 
(i) at infinity 


(ii) beyond 2f where f is the local length of the lens 
(iti) at 2f 
(fv) between fand 2f 


O) atf (vi) between the optical centre and focus. 


as ee ten te 


10. 


il. 
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. Discuss the size, position and nature of the image formed by a concave lens when the — 


object lies 
(a) at infinity 
(b) at f where f is the focal length. 


. (a) Describe the construction of human eye. Draw labelled diagram. 


(b) Compare human eye with photographic camera. 


What are the two main defects of vision ? How are they corrected? (A.L.S.S.E. 1982) 
. (a) What is a microscope ? 


(b) When does a convex lens act as a simple magnifying glass (or simple microscope) ? 
Derive an expression for its magnifying power. Define magnifying power of a 
microscope. 


(c) What is the difference between a simple miscroscope and a compound microscope ? 


. (a) What is a telescope 2 


(b) Describe the working of an astronomical telescope. What features make its magni- 
fying power large ? 
Explain : 
(a) If you were supplied with four convex lenses of focal lengths 100 cm ; 25cm; 3 cm 
and 2 cm respectively, state which lenses you would select for constructing 
(an astronomical telescope, 
(ii) a simple microscope, 
(iii) a compound microscope ? 
(b) What alteration in the astronomical telescope is required to increase 
(i) magnification, 
(ii) brightness of image ? 


(a) Name the Scientific terms which denote the following :— 
(i) The power of the eye which enables it to focus objects at varying distances — 
away. 

(ii) Defect of the eye due to which a person cannot see the distant object clearly. 
(iii) Sensitive screen in the eye for the reception of images. 
(iv) The point for which the eye is focussed when at rest. 

(v) The nearest point to the eye at which a small object can be clearly sesn. 
(vi) The distance of the point from the eye at which we can see objects most clearly. 


(b) State the Physical principle made use of in the case of Magnifying glass. 
(c) Answer the following questions :— 
(i) Is the image on the retina of tue eye real or virtual ? 
(ii) What is circular aperture of the eye called ? ; 
(iii) In hypermetropia does the crystalline lens become more divergent or more. 
convergent ? SS 
(iv) What is normally the distance of distinct vision ? 


12. 


w 


19. 
20. 


25. 


28. 


. (a) What prope:ty of a transparent su 


Which of the following, as normally used. form real images : 

(1) eye 

(#) microscope 
(iii) plane mirror 

(iv) concave shaving mirror. 

Show that a real image formed by a man by a converging lens only inverts him but that 


he and his image still have the same right hand. Show that exactly the reverse is true 
for an image formed by a plane mirror, 


. (a) What is refraction of light ? 


(b) State the laws of refraction of light ? 


(c) Define refractive index. How will you measure it for a glass slab ? 


. Show that if a ray of light is incident normally on a glass slab, it will pass undeviated. 


. Why does a water tank appear less deep than it really is? What is the relationship 


between its real and apparent depths ? 


Describe the image formation in a compound microscope. 


. Draw a diagram showing the path of a ray of light through a parallel-sided glass block. 


Label the following : 


Incident ray, refracted ray, emergent ray, normal, angle of incidence, angle of refraction 
ami angle of emergence. 


Explain with the help of a diagram why a stick appears bent in water. 


What is Snell’s Law ? What is meant by the index of refraction ? How does the speed 
of light wave in a medium affect the amount of refraction of light wave ? 


. (a) What does it mean to say that one substance is optically denser than another ? 


(5) What is the path taken by light which enters a triangular glass plate ? 


Would our day-to-day life be changed much if light travelled slower in vacuum than in 
other materials ? 


Some fisnermen claim that it is better to lie flat (j.e. sleep) near the edge of the 


stream than to stand erect when fishing. Is there any fish-catching merit to sucha 
statement ? 


An object, which is under water does not appear to be as far below the surface as it 
really is when one looks at it from above the water. Explain why this is true ? 


(a) What is “total internal reflection” of light? [4.1.S S. 1987] 
(b) Mention the conditions for the total internal reflection of light to take place ? 


Fi [A.LS.S. 1987] 
(c) What is critical angle ? How is it related to the index of refraction ? 
On warm sunny days tarmac roads often appear to be covered with 

z a : pools of water 
“era distance ahead, which disappear when approached. How do you explain 


bstanc i i 7 
strike it abim oblique angie ? e causes the refraction of light rays which 


(b) What practical use is made of the index of refraction of a substance ? 


Explain why we see the sun before it actu 


ally rises i i i 
and why we see it after it has dropped be y above the horizon in the morning 


low the horizon in the evening. 
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. You are looking diagonally down at a fish in a pond. To the fish,assuming ¿nat it can 


see you, does your head appear higher or lower than it actually is ? 


. Which is the better reflector of light—a right-angle prism or a plane silvered mirror ? 


Explain. 


. Why is a diamond more brilliant than a glass imitation cut the same way ? 
. Why are totally reflecting prisms usually designed so that light enters and leaves the 


prism at an angle of 90° with respect to the surface ? 


. (a) What is a light pipe? On what principle does it work? Mention one major use 


of such a device. 
(b) What is the name given to a new area of study which is based on this principle ? 


. Write a short note on “light as waves”. 


What name is given to the splitting of light into various colours by a prism ? What 
causes this splitting ? 


. Show in a diagram why a parallel-sided glass block does not split white light into the 


colours that make it up. 


, (a) Explain why one book appears red to the eye, and another green. 


(b) Explain why a book appears red when seen through a red transparent piece of glass 
but black when seen through a green one. 
(c) How is rainbow formed ? A 


. Draw the ray diagram for an object seen through 


(a) a simple microscope [A.LS.S, 1986] 


(b) a compound microscope 
(c) an astronomical telescope. 


y [A.LS.S. 1987] 


39, How does a normal eye see clearly objects at various distances ? Name one of the 
common defects of vision and type of the lens used to remove it. {A.LS.S. 1987] 


= 


P 


s 


Z PROBLEMS 
(a) A ray of light in air is incident at 45° on the surface of some water. Find the 
angle of refraction in the water. Use n=1'33 7A 
(b) A ray of light is incident at 45° on the surface of oil, n= 1°55, which is floating on 
water. Find the angle of the ray from the normal line in the oil and in the water. 
[Ans. (a) 321° (b) 271° in oil, 32°1° in water] 
Calculate the critical angle for total reflection of a ray in glass, n==1°517, in contact 
with water, n= 1°33 [Ans. 615 
Refractive index of glass is 1%. If light is incident on the glass slab at an angle of 
incidence of 60°, what will be the angle of refraction ? [Ans. 32779] 
Light passes at an angle of incidence of 45° from water into air. What is the angle of 
refraction? Take index of refraction of water with respect to air as 4/3. [Ams. 70° 


. A water tank appears to be 12m deep when seen from outside. bee is w real 
S. x 


depth ? The refractive index of water is 1°33. 60 mj 
Find the critical angle for total internal reflection for light travelling from (i) water into 
air and (ii) giess into water. “ne=1'33 and n,=1°6. [Ans. (i) 49° (ii) 561°] 
f focal length 25 cm (a convex lens) and another of focal length — 10 


Two lenses, once Oi h — 
cm (a concave Jens) are placed in contact. What is the (i) power of the combination 


8. An optical fiber consists of an interior glass fiber of index of refraction m=1-65 coated 
with a thin layer of glass of index of refraction ng=1°40. 


What is the critical angle for total reflection of a ray inside the fibre ? [Ans. 32° 


9. A microscope is arranged vertically above a beaker and focussed on a scratch at the 
bottom of the beaker. When hydrogen disulphide is poured in to a depth of 50 mm, 
the microscope must be moved up 23-5 mm to refocus the scratch. Calculate the 
refrhctive index of hydrogen disulphide. [Ans, 1°89] 


10. A rectangular block of glass 30 mm thick and of refractive index 1°50 is separated bya 
uniform thickness of 10 mm of air from a rectangular block of plastic of thickness 24 
mm and refractive index 1°60. What is the apparent displacement of an object which 
is viewed normally through the combination ? [Ams. 19 mm] 


11. A small fish is in a river 0'8 m below the water surface and 0'6 m from the vertical 
bank. The surface of the water is level with the flat ground on the bank. How near 
to the edge of the river isa man, whose eyes are 1'5 mgbove ground, when can just 


see the fish ? Refractive index of water= s : [Ans. 20 m] 
12. The refractive indices of glycerine and water are 1°46 and 1'33 respectively. What is 
the critical angle when the ray passes from glycerine to water ? [Ans. 65:59) 


43. In an experiment to find the refractive index of a glass block, a ray was shone on to 
the block at grazing incidence (that is, i=90°) and was found to enter the glass block 
at an angle of 40° 11’ with the normal. What was the refractive index of the block ? 


[Ans. 1:55] 
14. Calculato the critical angle for diamond, its refractive index being 2:42. Why does 
diamond sparkle ? [Ams. 24°5° 


15, Suppose that the distance from the eye lens to the retina is 2cm. What is the focal 
length of the eye lens system in Viewing a distant object? An object is at the normal 
near point ? Ans. 2:0 cm; 183 cm] 

16. What must be the focal length of the lens in a Projector if the image is to be 10 times 
the size of the object when projected on a screen 5 m away ? [Ans. 45:5 cm] 


17, In a simple box camera the distance from the lens to the film is O'I m. If the focal 
1 the lens is 9°50 cm, where must an object be placed to give the best image on 
the film? [Ams. 1:90 m from the lens] 


18, A certain magnifying glass gives an image of the sun ata distance of 3:0 cm from the 
center of the lens. What is the approximate magnifying power of the lens.? 


[Ans. 8:33) 
19. What is the magnifying power of an astronomical telescope having a 1:00 di t 
-Objective and 30-diopter eye piece lens ? y [Ans. Ro 


20. A person whose distance of distinct vision -is 14 cm uses a lens of 5 cm focal length to 
a small object. What is the distance of the object when in focus and what 
magnification is obtained ? [Ans. 375cm; 4) 
21. A short sighted student sees objects most distinctly ata distance of 15cm. H 

to sce a black board ata distance of three metres. What must be the nature of ok 
Jens he requires ? [Ans. Concave lens of local length of — 158 cm] 
2A convex lens of 5 cm focal length is placed at a distance of 4 cm from an object Find 
the position and relative size of the image. [Ans. —20 cm; 5 times the object] 
23. It is required to throw an image magnified 29 times on a screen placed at a dist: f 

6 m from the object. Find the focal length and nature of the leas required. EES? 
[Ans. 19:33 cm + Convex] 


24 


25. 
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Find the distance at which an object should be placed in frontọf a convex lens of 
focal length 10 cm, to obtain an image of double.of its size. aA [Ans. 15cm] 


An object is placed at a distance of 10 cm, in front of a concave lens of focal length 


20 cm. Find the nature and position of the image formed by the lens. 
‘Ans, —666cm; virtual and erect] 


. A convex lens forms an inverted and real image at a distance of 30 cm from its optical 


centre of an object placed at a distance of 80 cm from it. From the focal length of the 
lens. [Ans. 21:8 cm] 


. Find the position and the-nature of the image of an object 5 cm high A infront 


of a convex lens of focal length 6 cm. A.LS.S. 1979} 

[Ans. 15cm; real 375 cm] 
A small object is so placed infront of a convex lens of 5 cm focal length that a virtual 
image is formed at a distance of 25cm. Find the magnification as a as the magni- 


fying power. D.B.S.S. Oe | 
[Ams. 5, 


. A lens has a power of —2°5 D. What is the focal length and nature of the lens. 


i [4.1.S.S.E. 1986] 
b [Ans. —40 cm ; concave lens] 


. The refractive index of a given medium with respect to air is 2. Find the critical angle 
A. 


for the medium. [A.LS.S. 1987) 
fAns. 30°] 


CHAPTER 7 


Electricity 


7.1. INTRODUCTION 


Tremendous progress has been made since 
the days when the Study of electrivity was con- 
cerned mainly with static electriciiy and with 
current electricity turning motors “nd heating 
wires. The practical applications of electricity 
are numerous and well known, The object of 
this chapter is to introduce students to the 
study of static and current electricity in such a 
way that various phenomena observed in daily 
life and concerned with this aspect of nature 
can be understood. 


The concepts of charge, field intensity and 
potential have been introduced in Static electri- 
city. The current as a flow of charges, resis- 
tance and potential difference are the three 
basic concepis which have been dealt with in 
current electricity. The sources of current—its 
various effects, simple circuits and their practi- 
cal applications have also been discussed, 

7.2, ELECTRIC CHARGE 

It was discovered by Thales, about 600 BG; 
that when amber was rubbed with flannel or 
catskin, it acquired the Property of attracting 
light objects, such as pieces of paper, cork, etc., 
and it is from electron, the Greek word for 
amber, that the term electricity is derived. 


SILK THREAD. 


POSITIVE CHARGE 


GLASS ROD RUBBED WITH SILK 


COMMU LLY, 


LIKE CHARGES 
REPEL EACH OTHER 


But, now we know that this Property is shared 

y many other substances, such as glass, 
ebonite, sealing wax, etc, when they are rubbed 
under suitable conditions. A substance which 
exhibits this property is said to be electrified or 
charged and the mysterious agent, which causes 
this state of the body, is ‘known as static electri- 
city. A body, which does not possess this 
Property, is said to be neutral. 


Rub a glass rod with silk and place it in a 
stirrup, suspended by a silk thread, Now, rub 
another glass rod with silk and bring it near 
the charged end of the first by placing it in 
another stirrup suspended by anothef silk 
thread as shown in (Fig. 7.1). It will be seen 
that the suspended rods are repelled from each 
other. This force acts even when the two rods 
are some distance apart. It would still act if 
they were in a vacuum. If an ebonite rod is 
rubbed with flannel, its subsequent behaviour 
is different, Two ebonite rods so treated repel 
each other, just as two glass rods rubbed with 
silk do, but an ebonite rod rubbed with flannel 
attracts a glas rod rubbed with silk (Fig. 7.2) 


The experiments show that there 
kinds of electrical charges ; one which 
loped on glass when it is rubbed with 
the other which is developed on the 


are two 
is deve- 
silk and 
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woop 4 


SILK THREAD 


POSITIVE CHARGE 


SEST 


Fig. 7.1 
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SILK THREAD 


NEGATIVE CHARGE 


EBONITE ROD RUBBED 
WITH FLANNEL 


Fig. 7.2 


rod, when it is rubbed with flannel. Histori- 
cally the charge acquired by a glass rod after 
it is rubbed with silk was defined as positive. 
Negative charge was the one which an ebonite 
rod acquired on rubbing with flannel. These 
positive and negative conventions are purely 
arbitrary but nevertheless useful. We, thus, 
conclude that like charges repel each other 
and unlike charges attract each other. 
These forces act at a distance. 


The fact is that every material, whether 
charged or not, already contains vast amount 
of electric charge. If it is electrically neutral, 
this is merely because the charge is there in 
exactly equa] amounts of positive and negative. 
It is electrical force which holds the atoms to- 
gether ina solid and every atom itself consists 
of positively charged nucleus with negatively 
charged electrons moving around it, held to 
the nucleus by electrical attraction. Charging 
processes (by rubbing) consist of transfer of 
electrons. When a glass rod rubbed with silk 
acquires a positive charge, this is because it 
surrenders some electrons to the silk, which 
consequently acquires equal negative charge. 
If you test the piece of silk with which the glass 
rod was rubbed by bringing it close to an 
ebonite rod rubbed with flannel, you will find 
the charge on the silk to be negative. Simi- 
larly the piece of flannel with which the ebonite 
rod is rubbed acquires positive charge. Detailed 
studies have shown that in each case the 
positive and negative charges produced by 
rubbing the two materials are equal in magni- 
ude. It is thus clear that the process of 
tubbing does not create electric charge. It 
esults in only transferring negative charges 


from one material to the other. The material 
from which the negative charges have been 
transferred is left with an excess of positive 
charge. The material which receives the nega- 
tive charges becomes negatively charged. This 
is a typical example of a general principle that 
electric charge is conserved. It can neither be 
created nor destroyed. 


7.3, CONDUCTORS AND INSULATORS 


If we hold a piece of brass tube in one 
hand and rub it with flannel, no sign of electrifi- 
cation is produced ; but if we fix the brass tube 
on to an ebonite rod and rub it with dry 
flannel, taking care to avoid touching the brass 
tube with anything but flannel, we find that the 
brass tube is negatively charged. In the first 
case, the electric charge is certainly produced 
by friction but since the brass tube, the human 
body, and the earth are all connected, the 
electric charge spreads itself over the brass and 
passes through the human body on to the earth 
and so the brass shows no signs of electrifica- 
tion. In the second case also, the electric 
charge is produced by friction but is prevented 
from passing to the earth by the ebonite 
handle and the tube thus remains charged. 
This shows that, with respect to the passage of 
an electric charge through them, substances can 
be divided into two classes: conductors and 
insulators. 


A conductor is a material through which an 
electric charge is readily transferred. Most 
metals are good conductors. At normal tem- 
peratures, silver is the best solid conductor ; 
copper and aluminium follow in that order. 
Gold, human body and graphite are also 
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important conductors. Solutions of inorganic 
salts in water are good conductors as well. 
Earth is regarded as one huge conductor. A 
body which is connected to the earth by means 
of conducting communication is said to be 
earthed or earth connected. 


An insulator is a material through which an 
electric charge is not readily transferred. Good 
insulators are such poor conductors that for 
practical purposes they are considered to be 
non-conductors. Glass, mica, paraffin, hard 
rubber; sulphur, silk; shellac; dry air, 
ebonite ; oils, quartz and many plastics are 
ood insulators. Pure water is a non-conductor 
ut ordinary water, on acccunt of dissolved 
impurities, is a good conductcr. 


It should be noted that the difference 
between conductors and insulators, although 
sometimes very marked, is one of degree. No 
substance is so good a conductor as not to 
offer-any resistance to the passage of an electric 
charge through it. On the other hand, no 
substance is a perfect insulator. For instance 

` a glass rod will also allow the electric charge to 

flow along it if a high electrical pressure is 

applied at its ends. There are certain substances 

whose property of carrying charges lies between 
è 


A 


Fig. 7.3, 


conductors and insulators. Such substances 
are cotton, dry wood, paper cic. The student 
should realize that the precise formulation of 
the motion of charges in solids is a very com- 
plex problem. In fact the exact behaviour of 
charges (electrons) in solids is still an active 
field for research to-day, particularly for the 
substances which are intermediate between 
conductors and insulators, the so-called 
Semiconductors. 


7.4. ELECTRIC INDUCTION 


Take a positively charged brass sphere A, 
placed on a vertical glass rod fixed on a metal 
base [Fig. 7.3 (a)]. Bring it near a neutral 
conductor 3C placed on an insulating stand. If 
we now touch the conductor BC at C bya 
hand [Fig. 7:3 (b)) and then remove first the 
hand and then the conductor A, on testing, the 
conductor BC is found to have got a nega- 
tive charge, i.e., it would repel negatively 
charged pith ball (Fig. 7.3) BC shows the 
presence of charge only when the band is 
removed first and the conductor A is 
removed afterwards. This is explained by 
the fact that the positive charge on A attracts 
negative charge and repels positive charge. Thus 
the negative charge moves to the end B and 


(b) 


PITH BALL 


Fig. 7.3. 


the positive charge moves to the end C. Here 
negative charge is bound at the end 2 by the 
positive charge on A and positive charge at 
end Cis free and goes to the earth through 
our body when we touch it. When the hand 
is removed and then the conductor A, the 
negative charge B is no longer bound and, 
therefore, spreads on the whole surface of the 
conductor. Thus the conductor BC is negati- 
vely charged. This phenomenon of charg- 
ing a neutral conductor by bringing 
another charged conductor mear it, is 


id 


(a) 


203 


known as induction. The charge induced 
in a neutral body is of the opposite nature to 
that o the charge body. 


The quantity of charge induced on a neutral 
conductor increases (/) with the charge on the 
inducing body and (ii) with the decrease in 
the distance between the two. 


Separation of Charges : 


In the above experiment, let us replace the 
cylindrical conductor BC by two insulated 
spheres B and C as shown in |Fig. 7'4 (a)] and 
place them in contact with each other. Again 
bring a positively charged sphere 4 near B. 


Negative charge will be induced on Band 
positive charge on C. Now separate the two 
spheres B and C [Fig. 7°4 (5)] while the sphere 
A is still in position and then take away the 
charged sphere A. If we test the two spheres 
with pith balls, it will be observed that a nega- 
tively charged pith ball is repelled by B, while a 
positively charged pith-ball is repelled by C. 
Thus the charges have got separated. 


The neutral body can be given the same 
type of charge as that on the charged body if 
it is brought into contact with the latter. A 
part of the charge is then transfered from the 
charged body to the neutral body. This process 
of charging a body is known as CONDUC- 
TION. 


iat 


Fig. 1.4. 
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The two processes namely induction 
and conduction differ from each other in the 
following three ways : 


(i) By induction the neutral body acquires 
the charge which is of opposite nature to the 
charge on the charged body and by conduction 
the neutral body acquires the same type of 
charge as that on the charged body. 


(ii) During induction there is no loss of 
charge present on the charged body and during 
conduction, the charged body loses a part of 
its charge and thus the latter process of charging 
the bodies is very much limited in scope. 


(iii) By induction the neutral body can 
be given as much charge as is present on the 
charged body provided certain suitable condi- 
tions are satisfied, but by conduction only a 
part of the charge can be given to the neutral 
body. 

Michael Faraday in 1810 carried out a series 
of experiments and concluded that 


(a) the induced negative and positive 
charges equal in amount and (b) inducing 
positive charge is equal to the induced negative 
charge. 


Gold-leaf Electroscope : Gold-leaf elec- 
troscope is an instrument used for 


(i) detecting the presence of charge ona 
ody, 
(ii) determining the nature of charge ona 
body, 
(iii) determining whether a given body is a 
conductor or an insulator. 


(iv) comparing amounts of charges on two 
or more bodies, and 


(v) measuring electrical 
gases under the 
substances, 


conductivity of 
influence of radio-active 


It will be shown later on that actually it 
does not measure electrical charge, but another 
quantity known as electrical potential. 


In its simplest form (fig. 7.5) it consists of 
a wide glass bottle without a base. The mouth 
N of the bottle is closed by a rubber cork 
fitted with an ebonite tube. A brass rod R 
passes through this tube This rod carries a 
brass disc D at the upper end and a small hori- 
zontal brass piece at the lower end. 4 gold 
leaf is attached to each end of this brass piece. 


In the normal position these leaves lie side by 
side separated by a small distance. The lower 
portion of the wall of the bottle is covered 
with tinfoil fixed on a wooden base on which 
the bottle is placed and the foils can be 
earthed whenever required. 


If the charge on the leaves is very great the 
leaves might diverge too much and thus might 
get ruptured. To safeguard against such a 
damage the tinfoils on the walls of the glass 
bottle provide a suitable remedy. The leaves 
touch these tinfoils and these foils being earthed 
through the wooden base cairy the charge to 
the earth, and the leaves collapse. A small 
cup containg calcium chloride or sulphuric 
acid is placed inside the electroscope to keep 
the inside air dry. 

(i) Testing the Presence of Charge. In 
order to test the presence of a charge ona 
body, we bring the body near the gold leaf 
electroscope. The divergence of the leaves 
shows that the body is charged either positively 
Or negatively. A neutral body will have no 
effect on the gold leaf electroscope. If the 
body is charged positively, it induces a negative 
charge on the disc and the positive charge goes 


WOODEN 
BASE 


to the leaves. The leaves having the same 
charge repel each other. If the body is charged 
negatively there will again be a repulsion due 
® negative charge induced in them. 

It must be noted that the leaves collapse 
again as soon as the charged body is removed 
away, asthe induced charge on the disc is 
neutralised by the opposite charge induced on 
the leaves, The leaves also collapse if the disc 
is touched by hand, as the free charge on the 
leaves goes down to the earth through the body. 
Now if the hand is removed first and then the 
charge@ body, the leaves again diverge. This 
divergence is now due to the charge bound in 
the disc. This charge spreads over the rod and 
the leaves as well. [hus the leaves are charged 
with a charge opposite in nature to the charge 
present on the charged body. The goldleaf 
electroscope is said to be charged by induc- 
tion. The procedure is explained diagramati- 
cally in fig 7'6. 

If the charged body js brought into actual 
contact with the disc of the gold leaf electro- 
scope, the leavgs again diverge. This divergence 
is due to the charge which flows from the 
charged body through the disc and the rod. 
The gold-leaf olectroscope is thus charged by 
conduction. his time it has the same type of 
charge as the charge on the charged hody. 

(ii) To determine the nature of the charge. 
In order to determine the nature of the charge 
present on a body, we charge a gold-leaf elec- 
troscope positiyely and bring the charged 
body near it. df the divergence of the 
leaves increases, the body is charged positi- 
vely and if the divergence decreases the body 
is charged negatively. The nature of the charge 
can also be confirmed by charging a gold leaf 
negatively, when the opposite effect will be seen. 
It must be noted here tifat a neutral body also 
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causes a decrease in the divergence of the leaves. 
That is why we say that repulsion of more 
repulsion is the sure test of presence of charge. 


(iii) To determine whether a given body is a 
conductor or an insulator, Charge a gold-leaf 
electroscope positively or negatively. The 
leaves diverge. Hold the given body in the 
hand and touch the disc with the other end of 
the body. If the body is a conductor, the 
leaves collapse and if the body is on insulator, 
eek is no change in the divergence of the 
leaves. 


7.5. COULOMB'S LAW OF FORCE BET- 
WEEN CHARGES : 


We have seen that two similar charges repel 
each other and two dissimilar charges attract 
each other. The force of attraction or 
repulsion obeys the following law known as 
coulomb's law of force between charges due to 
Charles Coulomb (1736-1806). Coulomb’s law 
states that the force between two electric 
charges is proportional to the product of 
the charges and inversely proportional to 
the square of the distance in vacuum 
between them. 


a 9 E 
Fig 7.7 
If a charge qı is at a distance r froma 
second charge qz, then the force on q2 (Fig. 7.7) 
is 


F AAN, (1) 


(c) (d) 


Fig. 7.6. 


206 


> 


where K is a unit vector directed towards q2 
and Ris the constant of proportionality. In 
S.I. units, the charge is measured in coulombs, 
and K has the experimentally determined value 
K=9.0 x 109 Nm?C-2 

The force is attractive if q, and qz have 
opposite signs and it is repulsive if they have 
like signs. It is directed along the line joining 
the centres of the two charged bodies. 


If we are interested only in the magnitude 
of the force of attraction or repulsion between 
two electric charges, then it will be given by 


(2) 


where K=9 x 109 Nm?/C? in S.I. units 
Note that 
> > 
F=- Fai, 
which shows tnat the force on qı due to q2 is 
equal but opposite to that on gg due to q5. 
When a charge q2 (Fig. 7.7)is near two or 
more additional charges, the net force on qz is 
the vector sum of the forces due to each of the 
other charges. 
Unit Charge 
Suppose we take two similar charges each 
equal to q and place them in vacuum (or air) 
at a distance of | m. If the force of repulsion 
between them is 9X 109 N, then for equation 
(2). 
1-92-49 
r=] m 
and F=9x10? N 


Thus from equation (2), we have 


2 
9 pt: 
9x 10°=9x 10! (De 
or q@?=1 
or q=+1 


This shows that when the force of repuision 
between two equal and similar charges placed 
at a distance of 1 m is 9 x 10° N, each charge is 
equal to unity. Hence, 


“A unit charge is that charge which when 
placed in vacuum (or air) at a distance of one 


metre from a similar and an equal charge repels 
it witha force of 9X109 newtons”. This is 
known as the coulomb (C). Itisthe unit of 
electric charge in S.I. units. Note that 1 
coulomb is an enormous charge. The ele- 
mentary unit of charge used in atomic physics 
is charge on an electron i.e. 1602X 10719 
coulomb. It is interesting to note that 1 
coulomb of charge contains 


i as ga™=625 xX 1018 electrons. 
Frequently, it is convenient to work with a 
fraction of coulomb called the micro-coulomb 
(uC). 

1pC= 10-8C 
7.6. PRINCI’? LE OF SUPERPOSITION : 


A, B and D are three bodies carrying charges 
+91, —q2 and +q3 respectively as shown 
in Fig. 78. What is the force exerted by 
charges qı and q2 on qa? We first find the 
force on qa due to qy when gə is far away. 
Then we take qı away and bring q2 in its 
original position and determine the force on 
q3. Finally we measure the force on gs due to 
both qı and q2 placed in their original posi- 
tions. We find experimentally that the force 
on q3 is equal to the vector sum of the forces 
previously measured. This shows that the 
force with which two charges jinteract is not 
affected by the presence of ajthird charge. This 
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Fig. 7.8 


fact provides the basis for the principle of 
superposition according to which the force on 
a charge at any point due to'a number of other 
charges is the vector sum of the forces which 
would be exerted by the individual charges on 
the charge at that point. For example. in the 
case of three charges shown in Fig. 7.8, 
the net force exerted by the charges qı and q2 


On qg is the vector sum of the forces indepen- 
dently exerted by qı and g3 on qz ie. 

> > > 

F= Fs, + F32 


7.7. ELECTRIC FIELD 


Electric forces, like the gravitational forces, 
act between bodies that are not in contact with 
each other. The proper way to regard such 
forces involves the concept of a force field. 
When a mass is present somewhere, the pro- 
perties of space in its vicinity can be considered 
to be so altered that another mass brought to 
this region will experience a force there. The 
‘alteration in space’ caused by a mass is called its 
gravitational field, and any other mass is thought 
of as interacting with a field-and not directly 
with the mass responsible for it. Similarly an 
electric charge produces an electric field 
around it that interacts with any other charges 
present. Thus electric field is the space surroun- 
on a charged body within which its influence 
is felt. 


One reason it is preferable not to think of 
two charges as exerting forces upon each other 
directly is that if one of them. is changed in 
magnitude or position, the consequent change 
in the forces each experiences does not occur 
immediately, but takes a definite time to be 
established. This delay cannot be understood 
on the basis of the Coulomb’s Law, but is 
easily accounted for in terms of the field con- 
cept by assuming that the changes in the field 
travel with a finite speed i.e. the speed of light, 
3x 108 m/s. 


If we place a point charge in an electric 
field some force acts on it. The magnitude of 
this force depends upon the strength of the 
electric field and the strength of the charge. To 
measure the strength of the electric field or the 
electric intensity at a point, we place a unit 
Positive charge (or a test charge) at that point. 
The force experienced by this charge measures 
the electric intensity at that point. Electric 
intensity is a force; hence it is a vector 
quantity and thus has got a direction, The 
direction in which the unit positive charge 
moves when free to do so gives the direction of 
intensity. Hence. 


“The intensity of the electric field at a point 
in an electric field is the force experienced by 
a unit positive charge placed at that point. The 
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direction of the electric intensity is the direction 
in which the unit positive charge begins to move 
if, Sree to do so. 


We can use Coulomb’s Law to determine 
the magnitude of the electric field surrounding 
a single charge q. We find the force F that 
q exerts upon a unit positive charge (test 
charge) at a distance r away, which is 


A 
where r is a unit vector directed from the 
charge g towards the point where the test 
charge is located. 


irs > 
A 
or F= oe r 
r' 
where K=9 x 109 Nm2C72 


This by definition is the electric field 


Et 
intensity E at a distance r from the charge q. 


> 


Kq 


= A 
Electric field intensity =E= jr 


The magnitude of electric field intensity is 


given by 


> A 
If q is positive E points along r or away 
> 


> 


“Ba a 
from q ; if q is negative E points along —r or 
toward q. The electric field due to a charge 
points away from the charge if it is positive, and 
toward it if the charge is negative. 

It is expressed in newton per coulomb i.e. 
NC-1 in S.I. units. Electric field intensity 
falls off inversely as r?. 

Once we know the electric field intensity 


rs ” 
E at any point in an electric field, we can easily 


> ’ ‘ 
find the force F acting on any charge Q placed 
at a point i.e. 


Pet tare «= * ~~ 


# oe > => 
F=QE 


"When there are several charges qi, q2, ... 


se 
at various positions, the electric field Æ at a 
point is the vector sum of the individual elec- 
> > 
tric fields Hj, Ep, ... due to all the charges. 
78, ELECTRIC LINES OF FORCE 


Let us consider a positively charged sphere 
isolated in space, +O of [Fig 7.9 (a)]. A small 
Positive charge +g, which we shall call a 


ELECTRIC 
LINES OF 
FORCE 


Fig. 7.9 (a) 


ELECTRIC 
LINES OF 
FORCE 


Fig. 7.9 (b) 


test charge, is brought near the surface of the 
sphere. Since the test charge is in the electric 
field of the sphere and the charges are similar, 
it experiences a repulsive force directed radially 
away from +Q. Were the charges on the 
sphere negative, as in [Fig. 7.9 (b)], the force 
acting on the test charge would be directed 
radially toward —Q. 


An electric line of force is a line so drawn 
that a tangent to it at any point indicates the 
orientation of the electric field at that point. 
We can imagine a line of force as the path of a 
test charge moving slowly ina very viscous 
Medium in response to the force of the field, 
By convention, electric lines of force originate 
at the surface of a positively charged body and 
terminate at the surface of a negatively charged 
body, each line of force showing the direction 
that a positive test charge would be accelerated 
in that part of the field. A line of force must 
therefore be normal to the surface of the 
charged body where it joins that surface, 


The intensity, or strength of an electric 
field, as well as its direction, can be represented 
graphically by lines of force. The electric field 
intensity is proportional to the number of lines 
of force per unit area normal to the field. Where 
the intensity is high, the lines of force will be 
close together. Where the intensity is low, the 
lines of force will be more widely separated in 
the graphical representation of the field, 


In Fig. 7.10 (a) electric lines of force are 
used to show the electric field near two equally 
but oppositely charged objects. At any point 
in this field the resultant force acting on a test 
charge. +q can be represented by a vector 
drawn tangent to the line of force at that 
point. 

The electric field near two objects of equal 
charge of the same sign is shown by the lines 
of force in [Fig. 7,10(6)]. The resultant force 
acting ona test charge +q placed at the mid- 
point between these two similar charges would 
be zero, 


The following properties are attributed to 
the electric lines of force : 


(i) They start from the positive charge and 
end at the negative charge. 


(ii) Two electric lines of force never inter- 
sect each other, 


(iii) There are no electric lines of force 
inside a hollow conductor, 


ELECTRIC LINES 
OF FORCE -> 
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ELECTRIC LINES OF FORCE 


Fig. 7.10. 


(iv) Number of electric Jines of force per 
unit area gives a measure of the electric field 
intensity (extent of the influence of the charge) 
at a point in that area. 


(v) They have the properties of longitudinal 
contraction and lateral repulsion. 


These electric lines of force are all imaginary 
but they indicate the direction in which the 
electric field in the space is acting. They are 
very useful in explaining various electrical 
phenomena, e.g., attraction between two unlike 
charges is explained by the property of longi- 
tudinal contraction ; repulsion between two like 
charges is explained by the property of lateral 
repulsion and electrical induction is explained 
by the fact that lines of force leaving a positive 
charge when fall on one end of a good con- 
ductor produce a negative charge there and 
these lines then flow through the conductor 
and leave it at the other end and charge it 
positively. If, however, the conductor is 
earthed, the inductive action does not travel 
forward. 


79. ELECTRICAL POTENTIAL 
DIFFERENCE 


When we raise a body from the ground to a 
certain height, we do a certain amount of work 
on the body. This increases its potential 
energy. Therefore a point at a higher level 
means a point of greater potential energy 
ora higher gravitational potential. Now we 
know that a body if left to itself falls down 
from a point of greater potential energy or 


higher gravitational potential to a point of 
lower gravitational potential. Similar is the 
case with electricity. Suppose we have two 
insulated conductors A and B charged posi- 
tively. If we place them in contact or connect 
them by a wire, charge will flow from one con- 
ductor to the other. The direction of flow of 
charge depends upon the electric condition of 
the two conductors. 


The electric condition of a conductor which 
determines the flow of electric charge from it to 
another conductor placed in contact is known as 
its electrical potential. 


If the positive charge flows from conductor 
A to conductor B, then A is at a higher 
potential than B. The flow of charge continues 
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as long as the potential of 4 remains higher 
than of B and stops as soon as the potential of 
the two conductors becomes the same. 


Electric potential is analogous to level in 
the case of water, to temperature in the case of 
heat and to pressure in the case of gases. 


_ Activity. Take two cylindrical vessels 
containing water (Fig. 7.11) connected by a 
tube provided with a stop-cock, 


Open the stop-cock. What do you observe ? 
pen r pappens to the flow of water after some- 
me 


On opening the stop-cock, you will observe 
- that water flows from the vessel in which the 
surface of water has higher level than the other 
even though the quantity of water in the 
former vessel may be less than that in the 
latter. There will be no flow if the levels are the 
same, 
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Activity. Take small copper piece and 
heat it red hot. Place it in a bucketful of 
water at room temperature containing a 
thermometer. What do you observe? What 
happens to the flow of heat after sometime ? 


You will observe that heat will flow from the 
Copper piece to the water, though the quantity 
of heat in the water may be much greater than 
that in the copper piece. Heat flows from the 
copper piece to water only because the former 
is ata higher temperature. There will be no 
Slow of heat from either of them to the other if 
their temperatures are the same. 


Since temperature is the degree of hotness 
of a y so electric potential may also be 
defined as the degvee of electrification of a 
charged body. 


Just as the height of a place is measured 
with respect to sea-level which is taken as zero 
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Fig. 7.12. 


or a standard level (as its capacity for water is 
so huge that any addition or removal of a small 
quantity of water does not affect its level 
appreciably), the potential of a conductor is 
measured with respect to that of the earth 
which is taken at Zero potential. Earth isa 
good conductor of electricity and a huge 
capacity for electric charge and any addition or 
removal of a small charge would not alter its 
potential appreciably. 


The potential of a positively charged body 
is above the potential of the earth and potential 
of a negatively charged body is below that of 
the earth. Thus a positively charged conductor 
has a positive potential as the positive charge 
flows from it to the earth (or the electrons flow 
from the earth to it) A negatively charged 
conductor has a negative potential as the 
positive charge flows from the earth to the 
conductor (the electron flow would be from the 
conductor to the earth). An earth connected 
conductor has zero potential (Fig. 7.12]. 
Potential at a point is a scalar quantity. 


Unit of Potential—(volt). 


We know that the difference of level is 
measured practically by means of measuring 
rods or tapes. There is, however, another 
purely theoretical method by which it is 
possible to measure difference of level, viz ; by 
considering the amount of work done in carry- 
ing a unit mass from one level to another. If 
a mass of one kg is carried through a height of 
one metre vertically, the work done is 9'8 joule; 
if toa height of 10m, the work done is 98 
joule ; if to a height of 50 m, the work done is 
490 joule and so on : Thus, knowing the 
amount of work expended on a unit mass, we 
can calculate the height through which it has 
been carried. Hence, we can define the diffe- 
rence of level in terms of the work done in 
moving a unit mass from the lower to the 
higher level. In other words, the difference in 
level can be measured by the difference of 
gravitational potential energy which the unit 
mass possesses at the two places. What is true 
of level is also equally true of electric potential. 
In other words, we can measure the electric 
potential difference between two points in terms 
of the work done in moving a unit positive charge 
from one point to another. 
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Let us consider a spherical conductor, 
charged positively (Fig. 7.13) and let A and C 
be two points on the line AH. If a unit 
*positive charge be placed at C, it will 
experience a force of repulsion, tending to take 
it away from the sphere and so in moving it to 
A, work has to be done against this force of 
repulsion. Hence, the potential at A is greater 
than that at C. Thus, as we move towards a 
positively charged body the potential increases 
and as we move further away, the potential 
decreases. The work done in moving a unit 
positive charge from one point to the other 
against the electrical force measures the poten- 
tial difference between the two points. 

Work done (W) 


Potential difference (V)= Charge (0) 


Since work is measured in joule in SI 
system, unit difference of potential exists 
between two points if one joule of work is done 
in moving one coulomb of Cr heck one 
point to the other against the electric force. The 
unit potential difference, so defined, is called 
volt in honour of A. VOLTA who invented 
the battery. volt is denoted by the letter V. 

1 joule 
1 coulomb 


or 1V=1 J/ C 


Potential at any point is measured by the 
work done in bringing a unit positive charge 
from infinity to that point, against the electric 
force. Thusa volt is the potential at a point 
when one joule of work is done in bringing one 
coulomb of charge from infinity to that point. 


1 volt= 


*A unit negative charge in an electric field would also experience the force and in response to this force, 
the charge would move. Thus the work would be done by the source of field. 


waka SN 
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One thousandth of a volt is called one milli- 
volt (mV) and one millionth of a volt is called 
micro-volt (pV). One thousand volt is kilovolt 

` (kV) and one million volt is megavolt (MV). 


Thus 


Pal -3 
l m=- ¥V=103 V 


1000000 ” 


1pV=10-8 V= 


1 kV=10 V 
1 MV=108 V 


Thus electron volt (eV), a widely used unit 
in atomic physics, is the energy acquired by an 
electron that has been accelerated by a 
potential difference of 1 volt. 


1 eV=1°6 x 10°19 joule 


7.10. ELECTRIC CURRENT 


We have learnt about the transfer charge, 

t is, when two charged conductors at 
different electrical potential are _ joined 
(Fig. 7.14), positive electric charge will flow 
from the conductor at a higher potential to the 

_ conductor at a lower potential. (Electrons 


Fig. 7.14. 


carrying a negative charge will flow from the 
conductor at a lower potential to the con- 
ductor at a higher potential). Such a flow of 
electric charge is called an electric 
current. Thus an electric current flows when 
there is an electric potential difference. 


To keep an electric current flowing through a 
conductor, it is obviously necessary to maintain 
the potential difference between its ends, that is 


to maintain a difference in electrical energy 
level between the ends. This, of course, 
requires the expenditure of some other form of 
energy. Taking again the hydrostatic analogy 
(Fig. 7.15), if a continuous current of water is 
to be obtained between the two vessels, their 
difference of levels must be maintained by 
pumping back water from the vessel in which 
it is at a lower level to the one in which its 
level is higher at the same rate at which it flows 
from the latter to the former (Fig. 7.15). 


Fig. 7.15 


When the pump is operating, it produces 
Pressure differences between the various Parts 
of the system and water flows from Tegions of 
higher pressure to regions of lower Pressure, 


The flow of charge round an electric circuit 
is similarly produced by differences in electrical 
Pressures produced by the battery. Such a 
difference in electrical pressures is called the 
potential difference. In order that electric 
current should pass from one point in the circuit 
to another, the battery or any other electric 
source must maintain a potential difference bet- 
ween two points. Energy is required to keep the 
current moving round the circuit. The energy 
comes, of course, from the battery or the source 
of steady current. One of the earliest devices 
capable of providing a source of steady current 
was invented in 1800 by the Italian Physicist 
A-Volta. It is called a voltaic cell. Since then 
various kinds of dry cells and Storage batteries 
have been devised. 


A voltaic cell consists of two plates, one of 
copper and the other of zinc, both dipped in a 
vessel containing dilute Sulphuric acid and kept 
apart each other as shown in (Fig. 7.16). 
When these plates are connected by a copper 
wire, an electric current flows from copper to 


(A VOLTAIC CELL) 
Fig. 7.16 
zine outside the vessel and from zine to copper 


inside it. (Electrons move from zinc to copper 
outside the vessel). This shows- that as zinc 
reacts with dilute sulphuric acid, the zinc plate 
gets negatively charged, while the copper gets 
positively charged. Thus copper plate is at a 
higher potential than the zine plate. It will also 
be seen that when the plates are connected 
together, bubbles of hydrogen rise on the sur- 
face of the copper plate and zinc goes into 
solution forming zinc sulphate, It is the energy 
liberated from this chemical action which 
maintains the current. Hence the source of 
electricity in this case in the chemical action 
between zinc and sulphuric acid. ïn other 
words in this device, chemical energy is changed 
into electrical energy. Such a device is called a 
primary cell. 


Unit of electric current 


The analogy between a continuous steady 
flow of water along a tube and a continuous 
steady flow of electricity along a wire is a useful 
aid to understanding some of the principles 
concerning an electric current. 


Consider a tube AB [Fig. 7.17 (a)] which 
has a continuous steady flow of water along it 
in the direccion A to B. The current of water 
is the volume of water per second passing any 
section S, and if 25 m? pass S in 5 seconds, the 


current= Bans mst, The time element 


is therefore, concerned in the idea of 
current. From the water analogy, if 15 
coulombs of electricity flow past the point 7 in 
the wire MN of [Fig. 7.17 (6)] in 3 seconds, the 


wag . pct 
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Fig. 7.17 (b) 
electric current=13 =5 coulombs/second, The 


current is the same at all points of the wire if 
the flow of electricity along it is a steady one. 
Generally, if Q is the quantity of charge flow- 
ing past a point in a wire in ¢ sec, the current I 
is given by 


ages 


Thus, the electric current is the amount of 
charge passing through a given point in one 
second. Current is a scalar quantity. 

Where Q is in coulombs and t is in seconds, 
then 7 is in amperes, An ampere is the practi- 
cal unit of current and is denoted by the 
letter A. 

1 coulomb 
Thus 1 ampere sotd 

ponds to a flow of 625x1018 electrons/second 
past a point. 

Hence current is one ampere if a charge of 
1 coulomb flows through any cross-section of 
the conductor in one second. 

This, however does not mean that if there 
is a current of | ampere through a wire, 
6:25 x 1018 electrons are actually flowing from 
one end of the wire to the other every second. 
It only means that there is a drift of so many 
electrons every second (not necessarily involv- 
ing the same electrons) from one end of the 
wire to the other, 

Sometimes, smaller units for measuring 
current are used. They are milliampere (mA) 
and microampere (A). 

ImA=1/1000 A=0:0014 


1 
lpA= Foa0000 47000000! 4 


and corres- 
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7.11. ELECTRIC CIRCUIT 


Electricity travels along a path. If the path 
is broken off, th 


The whole path along which electricity travels 
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Fig. 7.18. An open electric circuit 
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Fig. 7.20 


closed circuit (Fig. 7.19) and a broken path is 
nown as an open circuit (Fig. 7.18). Electri- 
en electricity cannot ‘travel. city will not flow in an open circuit. 
_ Often it is useful to illustrate components ` 
is known as an electric circuit. An unbroken in an electrical circuit by simple symbols. A 
path travelled by electricity is known as a diagram which indicates how. different com- 
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Fig. 7.19. An closed electric circuit. 
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ponents in a circuit have been connected, using 
conventional symbols for the components, is 
called a circuit The conventional 
symbols for some common components of 
electric circuits are given in (Fig. 7.20). 


7:12:« CURRENT-POTENTIAL 
DIFFERENCE RELATIONSHIP 
(Ohm's Law): 

From the analogy between electric potential 
and* water level, it would appear that there 
must be a definite relation between the poten- 
tial difference applied to the two ends of a 
conductor and the magnitude of the electric 
current flowing in it. Such a relation was dis- 
coveted experimentally by George Simon Ohm 
of Germany in the year 1827 in the form of 
what is known as Ohm’s Law. The law states: 


“The ratio of the potential difference across 
the ends of a conductor to the current flowing 
through is constant so long as the physical con- 
ditions, i.e., temperature, density etc. of the 
conductor remain the same.” 


Suppose that a current of 4 amperes is 
flowing through an electric wire connected to 
the 240 volts main supply. What would the 
current be if the main voltage falls to 120 
volts? Ohm’s Law tells us that since the 
potential difference (voltage) has been halved, 
the current will be reduced in the same 
proportion, i.e., halved. The net current 
is, therefore, 2 amperes. If the voltage 
had dropped to 80 volts (i.e., 1/3 of its 
original value) the current would drop pro- 
portionately 4/3 amperes, (i.e. 1/3 of its 
original value). In each case, 

Potential Difference ihote ke 
Current 


240 60: 12069 : 8° = 
Sra eW 60 : 773 60 
If V=Potential difference 
and J=current, then 


mathematically speaking, Ohm’s Law can be 
stated as 


Vv 
— =constant 
y Toons 


or where. R is a constant 


known as resistance of a conductor. 
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Ohm’s Law is valid under definite conditions 
for metallic conductors. It fails for solutions, 
semi-conductors and for gases 


Ohm’s Law provides a basis for measuring 
the resistance. 


7.13. RESISTANCE OF A CONDUCTOR : 


Whenever an electric current flows through 
a conductor, the conductor offers some opposi- 
tion to the flow of the electric current. This 
property of the conductor by virtue of which it 
opposes the flow of an electric current through 
it is called resistance of the conductor. 


According to Ohm’s Law, resistance (R) is 
measured by the ratio of the potential difference 
(F) developed at the two ends of the conductor 
to the current (J) passed through it. 

Potential Difference (V) 
Current (7) 


in ohms. 


Resistance (R)= 


Resistance is measured 
symbol for ohm is Q. 


If a potential difference of 1 volt is develop- 
ed across the two ends of a conductor when a 
current of 1 ampere flows through it, then the 
et of the conductor is said to be one 


The 


1 volt 


Hence I ohm= 


1 ampere 


The resistance of a conductor (pure metal) 
varies with the change in temperature. For an 
alloy like manganin (84% Cu; 4% Ni and 
12% Mn) or constantan (60% Cu and 40% Ni), 
there is extremely small change in resistance 
with change in temperature and hence it is for 
this reason that they are mostly used for 
making standard resistances. 


A conductor possessing a certain resistance 
is usually called a resistor. 
7.14. EXPERIMENTAL VERIFICATION 
OF OHM’S LAW 
Set up a circuit as shown in (Fig, 7.21). 
XY=a Eureka wire about 100 cm long. 


B=a battery of a number of cells which 
sends current round the circuit. 


K=a key for making and breaking the 
circuit. 
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AMMETER B8 


KEY 


VARIABL 
BATTERY DoF 


RESISTANCE [iy R, 
(RHEOSTAT) 


(A) 


RESISTANCE"(R) 


VOLTMETER 
Fig. 7.21. Verification oi Ohm’s Law. 


A=an ammeter which measures I, the 
strength of the curres:. in amperes, 


V=a voltmeter which Measures, V, the 
potentiai difference between the ends 
of the wire in volts. 


V.R.—Variable resistance or Rheostat for 
varying the strength of the current by 
changing the total resistance of the 
circuit. 


The positive terminal of the battery should 
be connected to the positive terminal of voltmeter 
and ammeter. 


Close the circuit and record the readings of 
the ammeter and volt-meter, Repeat the 
experiment six times by changing the strength 
of the current with the help of the variable 
resistance or rheostat, 


Potential Difference V 
(in volts) 


Tt will be found that the ratio of the poten- 
tial difference (V) and the current (I) ie., + is 
constant. This constant is equal to the resis- 
tance (R) of the wire YY. 


If a graph is plotted taking Potential diffe- 
tence (V) along X-axis and current (I) along 
Y-axis, we get a straight ling as shown in 


(Fig. 7.22) ; this means 
Val 


It also verifies Ohm’s law. 


CURRENT {i) 
(IN amperes) 


o POTENTIAL DIFFERENCE is aia UR 
(IN volts) 
Fig, 7.22. 


Here it should be borne in mind that the 
current should not be passed for a long time 
otherwise heat is produced in the wire and that 
introduces an error in‘ the result. Also the 
sliding contact of the variable resistance (V.R) 
should be moved so as to increase the current 
by equal steps as far as possible. 


7.14. COMBINATION OF RESISTANCES : 


There are two distinct ways in which the 
resistances can be connected : 


(i) Resistances in series ; and 
(ii) Resistances in Parallel. 


Resistances in Series : In many applica- 
tions of electrical circuits two or more resis- 
tances (or conductors) are often connected end 
to end, so that the current must flow first 
through one and then through the other. Such 
a connection is called a series connection. It is 
an important property of a series connection 
that the same strength of current flows through 
all parts of it. 


The current does not get gradually used up 
as it flows around the circuit. In this respect, it 
is similar to the flow of water through a long 
pipe which has no side branches. The same 
volume of water per second must flow, ata 
given instant, through every cross-section of 
the pipe. If this were not so, then either the 
amount of water in the pipe would increase 
and burst, the pipe or the amount of water in 
the pipe would decrease until the pipe was 
nearly empty. 

Let Ri Ro, Rs be the resistances of the 
various conductors joined in series (Fig. 7.23) and 
I be the current flowing in them. If V1, V2 and 
V3 be the potential differences developed across 


Bs Hier 


Rs R: 


C D 
A — y a 


—_——V 

Fig. 7.23. 
the ends of these conductors, the total potential 
difference (V) across the combination is given 


by 
V=Yy+hetVs (1) 


ait 


Now, by Ohm’s law, we have 
V=IR, where R=total resistance of the 
combination 
Vı=IRı 
Vo=IRe 
and V3=1R3 because the same current is 
flowing through all the conductors. 


Substituting these values in the equation 
(1), we have 


IR=IR,+1Ro+JRs 


or R=R,+ Ro+ R3 


Thus the total resistance of the circuit is 
equal to the sum of the resistances of the 
individual conductors joined in series. The total 
resistance increases by such a combination of 
conductors. 


(ii) Resistances in Parallel. When two or 
more resistances conductors are connected 
between two points so that the current divides 
between them and then rejoins, they are said to 
be in parallel. The circuit diagram for such a 
combination of resistances is shown in Fig. 
(7.24). 


«..(2) 


K 
+ H= { 
BATTERY 


eee 


(RESISTANGES IN PARALLEL) 
Fig. 7.24. 


Let Ry, Ro and Rg be the resistances of the 
conductors joined in parallel so that the 
total current (I) of the circuit is divided 
into three parts I, Iņ and Js flowing 
through the conductors respectively. Here, 
the two ends of all the conductors are joined 
together at A and B. Therefore, the potential 
difference at the ends of each conductor is the 
same (say V). 

Now the tota! current flowing in the com- 
bination is given by 

T=I}+h+I]3 (1) 
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Applying Ohm's law, we have 


t= where R=total resistance 


of the combination. 
ae 
and h=% 


The equation (1) reduces to 
Fev | ae as 


or 


«. Q2) 


Thus when a number of resistances are con- 
nected in parallel, the reciprocal of the combined 
resistance is equal to the sum of the reciprocals 
of the individual resistances, 


Suppose we have three resistances 2 ohm 
each put in paraliel, then the combined resis- 
tance R is given by 


PASI 1 Biata 
Mor te E A 


Ra ohm=0°66 ohm 


It is, thus, clear that the total resistance is 
less than the resistance of any single conduc- 
tor. 


Electric lamps are nearly always wired in 
parallel. Lamps wired in parallel have a 
smaller total effective resistance than the same 
number of lamps wired in series. Parallel con- 
nection of electric resistances is widely used in 
industry and household purposes. 


7.15 FACTORS AFFECTING RESIS- 
TANCE (SPECIFIC RESISTANCE OR 
RESISTIVITY) : 

The various factors that affect the resistance 
of a conductor are :— 

(1) Temperature : 

The resistance of all substances changes to 


some degree with changes in temperature. In 
the case of pure metals and most metallic 


alloys, the resistance increases with a rise in 
temperature. Carbon, semiconductors, and 
many electrolytic solutions, on the other hand, 
show a decrease in resistance as their tempera- 
ture is raised, A few special alloys, such as 
constantan and manganin, show very slight 
changes in resistance over a considerable range 
of temperatures. For practical purposes, the 
resistance of these alloys can be considered 
independent of temperature. 


(2) Length: 


Resistances in series are added to give the 
total resistance of the series circuit. From this 
fact we can conclude that 10 meters of a 
certain conductor should have a resistance 
10 times that of 1 meter of the same con- 
ductor. Experiments prove this relation- 
ship to be true ; the resistance of a uniform 
conductor is directly proportional to the length 
of the conductor 


Ral 


where R is the resistance of the conductor and 
l is the length of the conductor. 


(3) Area of cross-section : 


If three equal resistances are connected in 
an electric circuit, the equivalent resistance is 
one-third the resistance of any one branch. 
The equal currents in the three branches add 
to give the total current in the circuit. 


Assuming the three resistances to be three 
similar wires 1 meter in length, each having a 
cross-sectional area of 0°1 cm, we can think 
of the equivalent resistance as a similar wire 
of the same length but having a cross-sectional 
area of 0'3 cm?. This deduction is reasonable, 
since a wire carrying a direct current of cons- 
tant magnitude has a constant current density 
throughout its cross-sectional area. If the 
parallel resistances are designated Ri, Re and 
Rg then 


1 1 1 I ç J 
RR tRy +R, where Ris the equi- 
valent resistance. But Ri=Ro= Rs 


123 
So Ripe a 
and Rı=3R 


We can conclude that the resistance of the 
large wire, R, is one-third the resistance of the 


TASISI 


i 
) 


small wire, Rj, and experiments prove this 
conclusion to be true. The resistance of a uni- 
Jorm conductor is inversely proportional to its 
cross-sectional area. 


where 4 is tie cross-sectional 
1 area of the conductor. In case 
A | of a wire, A=nr® where r is 
the radius of the wire. 


(4) Nature of the Materials : 


A copper wire having the same length and 
cross-sectional area as an iron wire offers about 
one-sixth the resistance to the flow of electri- 
city. A similar silver wire presents even less 
resistance. 


Re 


Thus the resistance of a given conductor 
depends on the material of which it is made. 


Taking these four factors into account, 
several useful conclusions become apparent. 
For a uniform conductor of a given material 
and temperature, the resistance is directly 
proportiona: to the length and inversely pro- 
portional to the cross-sectional area i.e. 


l 
Ra — 


where p is a constant of proportionality and its 
value depends upon the material of the wire 
and its temperature. This constant p is called 
the specific resistance or resistivity of the 
material of the wire. 


Fros ^e above equation. 
We find that if, 

l=] m 

A=] m? 


Thus, the specific resistance (or resistivity) of 
the material of a wire is the resistance of a 
wire of length I m and having a uniform cross- 
sectional area of 1 m? or it is the resistance 
offered by a cube of the material of side | m 
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when current flows perpendicular to opposite 
faces. 

Unit of specific resistance : 


RA 
Since cay DA 


Unit of resistance (R) x Unit of 
cross-sectional area (A) 


e ESERSE AA 3 length (J) 
= onmx(meter)? _ 
e her =ohm-meter 


Hence specific resistance p 1s measured in 
ohm-meter or 


The resistivities of various materials are 
listed in the Table below. Note that the value 
of p is independent of the length and the area 
of cross-section of the wire. It depends only 
on the material of the wire. Thus, the specific 
resistance is a characteristic of the material. If 
the specific resistance of a material is known, 
the resistance of any other wire composed of 
the same material can be calculated, 


Resistivity or Specific Resistance of 
some substances at 20°C 


Substance Specific Resistance 
(Ohm-m) 
Aluminium 2°63x 10°8 
Carbon 3500 x 10-8 
Copper 1°62 x 10-8 
Constantan 49x 10°8 
Germanium 2x 108 
Gold 2:04 10-8 
Tron 9—13— 1078 
Lead 20:4 x 10-8 
Mercury 94 x 10-8 
Nichrome 100 x 10-8 
Phosphorus 1x 1012 
Platinum 111 x 10-78 
Silver 1°60 x 1078 
Sulphur 1x 1017 
Tungsten 50x 10-8 
Diamond 102— 108 
Ebonite 1015 — 1017 
Glass (Pyrex) 1014 
Mica 1013— 1017 
Paper (dry) 1012 
Water (distilled) 104— 10? 
Sikeon 108— 106 


The resistivity of most metallic conductors 
increases with temperature. In the case of 
insulators such as ebonite, glass, diamond, ete ; 
resistivity is very high and does not change 
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with temperature. In between the metallic 
conductors and insulators, we have semicon- 
ductors, whose resistivities decrease with in- 
creasing temperature. Semiconductors are 
proving to be of great practical importance 
because of their marked change in conducting 
properties with temperature, impurity, concen- 
tration etc. 


7-16. HEATING EFFECT OF ELECTRIC 
CURRENT 


VOLTMETER 


CONDUCTOR 


‘| 
(BATTERY) 
Fig. 7.25 


Consider Fig. (7.25), in which a current (I) 
of electricity flows from A to B when the con- 
ductor (or the resistance wire) is connected to 
the terminals of a battery. The electric poten- 
tial at A is greater than that at B. Since elec- 
tricity in the wire is due to the steady drift of 
electrons, so the electrons moving under the 
influence of a potential difference between the 
ends of the conductor, must possess energy and 
this is called electrical energy. The fact that a 
conductor offers resistance to the flow of current 
implies that work must be done continuously 
to maintain a current. The role of resistance 
in electrical circuits is analogous to that of 
friction in mechanics. We know that if work 
is done when an electric charge is moved from 
one point to another in an electrical circuit, 
then a potential difference exists between the 
two points. 


The amount of work done is a measure of 
a potential difference. The greater the work 
done, the bigger is the potential difference. 


The unit of the potential difference is the 
volt which is defined as follows : 


The potential difference between two points 
A and B is one volt if one joule of energy is 
released when a charge of one coulomb moves 
from point A to the other point B. 


If the potential difference between two ends 
of the conductor A and B were 2 volts, then 
2 joules of energy would be released when one 
coulomb of charge is moved from point A to 
the other point B. So, if the potential diffe- 
Tence between the two points A and B as 
shown by the Voltmeter is ‘V’ volts, the elec- 
trical energy liberated when a charge of one 
coulomb moves from point A to point B will 
be V joules. 


Similarly, if three coulombs charge is moved 
between the two points A and B of the con- 
ductor whose potential difference is one volt, 
then the energy released would amount to 
three joules. So, when ‘O’ coulombs of charge 
flow between the same potential difference (i.e. 
1 volt), energy released will be Q joules. 


Hence, we may conclude that the energy 
liberated (as heat or otherwise) when Q 
coulombs of electricity move between two 
points having potential difference ‘V’ is given 
by— 


W (joules)=Q(coulombs) x V(volts) 


or Work done by the electric current 
=Amount of electric charge moved 
x Potential difference between two points 
Recollecting the relation between charge 
and electric current, we know that the electric 
current is the quantity of charge flowing 
through the conductor per unit time. 


The unit of current is called the ampere and 
is equivalent to flow of one coulomb of electri- 
city per second through a conductor. 


Thus, if a current of I amperes flows in a 
conductor for t seconds, the total quantity of 
electricity which passes along it is given by : 

Q (coulomb)=I (amperes) x t (seconds) 

Hence the work done by the current (or the 
energy released) is equal to 

W (joules)}=Q (coulombs) x V (volts) 

=I (amperes) Xt (seconds) x V (volts) 


or W=V.L1 joules 


as V=IR by ohm’s law 


The above formulas are used in practice to 
calculate electrical energy or work done by an 
electric current. All the quantities in the for- 
mulas are easily measured. 


This shows that the energy dissipated is 
the product of the square of the current, the 
resistance R and time t. This energy appears 
mostly as heat, but sometimes also as light. In 
the case of heaters, electric irons, radiators; 
toasters, etc ; electrical energy is mostly con- 
verted into heat. In the case of electric lamps 
about 5% only of the electrical energy is con- 
verted into visible light. 

Let us suppose that all the electrical energy 
dissipated in the conductor appears as heat. 
Then, since, one calorie of heat is equivalent to 
4.18 joule, the amount of heat (H) generated 
can be obtained by using equation 

=I Rt=VIt 
and is given by 
H=Rt=VIt joule 
PRt 
“418 
Vit 


ETSY 


7.17. ELECTRICAL POWER 


Power is defined as the amount of work 
done per unit time. It involves the time, f, in 
which a particular amount of work is ‘done or 
energy is liberated. 


Thus P= Work done (or energy liberated) 


or H cal 


per second 

NAA 

aiy 
In mechanics, the unit of power is 

joule/second 
Thus, in electricity, the electrical power 
P= Fa BE joules/second 
wil ot 


sae Weeden I.V. joules/second 


A rate of working equal to one joule/second 
is called a watt, the unit of electrical power. 


We, therefore, obtain the important 
expression 
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Since nt by Ohm’s Law for the con- 
ductor, the power is also given by 
P=IX(IXR)=I?.R watts (iii) 


andalso P= K xV= r tt i 

=p XV= yz watts (iv) 
Watt is very small unit of electrical power. So 
in practice we use bigger unit of power. A 
large unit of power in common use is the 
Kilowatt. 


1 Kilowatt (kW)=1000 watt (W) 


7.18. WORK DONE BY A CURRENT IN 
TERMS OF POWER AND TIME 
(ELECTRIC ENERGY) 


You know that power P is given as 
w 
Pa 
So, W=Pxt «(v) 
From equation (v), you can calculate the 
work done by electric current in terms of 
power and time. 


Thus W( joules) = P(watts) x (seconds) | 


The joule or watt second js too small a 
unit for conveniently measuring large quantities 
of electrical energy. The unit of energy com- 
monly used is the kilowatt-hour (kWH). The 
domestic electricity meter measures the amount 
of electrical energy consumed in the home in 


‘terms of this unit. 


The kilowatt-hour is the amount of energy 
consumed in one hour, when the power or rate 
of doing work is one kilowatt. 

1 kilowatt-hour= 1000 watt for 1 hour 
= 1000 watt for 3600 seconds 
= 1000 joule/second for 3600 seconds 
=3600000 joule=3'6 x 108 J 

If the rate consumption of energy in kilo- 


watts is given, the number of kilowatt-hours 
used in a certain time is given by 


Number of kilowatt-hours 
=No. of kilowatt x No. of hours 
No. of watts 
TO 
_ Volts x amperes x hours 

= 1000 


x No. of hours 
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The students should carefully note that watt 
or kilowatt is the unit of power and kilowatt- 
hour or watt-hour is the unit of the eleciri- 
cal energy. 


7.19. CHEMICAL EFFECT OF CURRENT 


If two small strips of platinum are connec- 
ted to the terminals of a battery and dipped 
into a beaker of distilled water, it is difficult to 
pass current between them, But if a few drops 
of sulphuric acid are added, current begins to 

ss and gas bubbles appear at both plates. 
These bubbles are found to be that of hydrogen 
(A) and oxygen (O), the two constituents of 
water. Similarly, if two plates of copper are 
connected to the terminals of a battery and 
then dipped into copper sulphate solution, 
current begins to flow. One plate loses copper 
and the other gains an equal amount. 


Faraday made a thorough study of this 
process of chemical action by electricity. This 
chemical action is called electrolysis. The 
liquid conducting electricity is called electrolyte 
The two plates such as those of platinum, 
copper, etc; are called ‘electrodes, the one 
where the current enters is called the anode and 
the one where it leaves, the cathode. The vessel 
in which the electrolyte is contained for 
electrolysis is called an electrolytic cell or a 
voltameter. The majority of electrolytes are 
liquids, and the most important ones are 
aqueous solutions of acids, bases and salts. 


The carriers of current through the electro- 
lyte are called ions. The term “ion” is applied 
toa charged atom or molecule moving ina 
liquid or gas. The ion carrying a positive 
charge is called positive ion or cation and the 
ion carrying a negative charge is called a 
negative ion or anion. 


When a potential difference is applied 
between the two plates placed in a voltameter, 
an electric field is set up between them. The 
positive ions move towards the negative 
electrode or cathode and the negative ions to- 
wards the positive electrode or anode. The ions 
on reaching the electrodes give their charge to 
the electrodes and become neutral. These then 
come out as gases or deposit as a thin layer on 
the electrodes. 


This flow of positive ions in one direction 
and negative ions in the opposite direction is 
equivalent to a current flowing in the electro- 
lyte. The direction of this current is the same 
as that of the positive ions. 


Copper Voltameter 


A copper voltameter consists of a glass 
vessel containing copper sulphate solution as 
electrolyte and two copper plates as electrodes 
(Fig. 7.26). When copper sulphate is dissolved 
in water, it splits up into Cut+ and S0477 ions. 
The copper ions carry two units of positive 
charge and the sulphate ions two units of 
negutive charge. 


BATTERY AMMETER 


RHEOSTAT 


(COPPER VOLTAMETER) 
Fig. 7.26. 


CuSO, ——> Cut++SO,-~ 


When the electrodes are connected to a 
battery through an ammeter and a rheostat, 
the Cut+ ions move towards the negative plate 
cathode and after delivering their charge 
become neutral atoms and a reddish copper 
coating will be found on the cathode. The 
SO4~ ions go to the positive plate (anode) and 
combine with copper atoms of the electrode to 
form CuSO4. The CuSO4 so formed goes into 
solution and the concentration of the solution 
is maintained. Thus the cathode gains as much 
copper as the anode loses, 


__ Electro-plating. It is a process of deposit- 
ing electrically a coating of any desired metal 
on another metal object for the purpose of 
protecting the object from oxidation or to give 
it the appearance of being wholly composed of 
the superior metal. 


__ When we require a substance to be coated 
with a particular metal, the substance is made 


the cathode and the electrolyte is a solution of 


4 salt of the metal. Thus, if we-want a subs- 
tance to be silver-plated, then a solution of 
potassium silver cyanide is taken as the electro- 
lyte, the substance, as the cathode and a small 
sheet of silver as the anode. Similarly, ifa 
substance isto be gold-plated, a solution of 
double cyanide of potassium and gold is taken 
and the anode is made of gold, to make up the 
loss of gold at the cathode. Fig. (7.27) illus- 
trates how gold plating is done. 


Parification of metal. Let us consider 
the purification of copper. Here a solution of 
copper sulphate is taken as the electrolyte and 
a plate of copper is made the cathode. The 
copper to be purified is made the anode, so 
that, when the current is passed through the 


BATTERY 


Q3lvid 38 
OL 193r80 


DOUBLE CYANIDE 
OF POTASSIUM 
AND GOLD 


(GOLD PLATING) 


Fig. 7.27. 


solution, copper is deposited on the cathode. 
All the copper from the impure lump, forming 
the anode, is thus transferred to the copper 
plate of the cathode and the impurities fall 
down to the bottom. This method is commonly 
used in the purification of metals. 


SOLVED EXAMPLES 


Example 1. 

A comb drawn through a person’s hair on a 
dry day causes 1012 electrons to leave the 
person’s hair and stick to the comb. 

(a) Is the force between the comb and the 
hair attractive or repulsive ? 

(b) What is the magnitude of this force 
when the comb is 1'0 m from the person’s. 
hair? Electronic charge=— 1°60 x 10719 C, 


a 
Solution. í 
(a) The force is attractive because the } 
charge on the comb is negative and that on the 
hair is positive. Unlike charges attract. 
(b) From Coulomb's law, we have 


F=K UP where K=90x 109 Nm?/C? 


(9:0 x 109)(1012)(-++ 1-6 x 10-19) 
x (1012)(— 1:6 x 10719)- 


(1:0)? 


=-2:3x104N; the minus sign means 
that the force is attractive. 


Example 2. 


(a) The force required to give a 1000 kg 
car an acceleration of 2'5 m/s? is 2°50 108 N. 
What would the charge have to be on two 
small spheres | 0 m apart to produce the same 
force between the spheres, if we assume that 
both spheres have the same charge ? 


(b) If the charge on each sphere is negative, 
how many excess electrons are there on each 
sphere? Electronic charge=1'60 x 10719 C. 


Solution. 


(a) From Coulomb’s law, with qi=q2.=q 
(say), we have 


9192 q? 
ener, Enl 
where K=90 x 109 Nm?/C2. 


Hence 


(2:50 1081:02 5 77L 10-7 
= SOx =2 77x 10-7 C2 
and so q=5'26 x 1074 C=526 pC 
Two charges of 526 „C at a distance of 1 m 


apart would, therefore, produce this relatively 
large force of 2'5 x 103 N. 


(b) The charge on the electron is 
1 60X10-19C, Hence the number n of elec- 
trons in 526 pC is 
526 pC 
"=T-60 x 1019 C/electron 
526 x 10-6 C 
= T60 x 10-19 C/electron 


=| 3:29 x 1015 electrons 
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‘Example 3. 

(a) Three charges are arranged at the 
corners of a right triangle, as shown in Fig. 
(7.28), where gs and go are located on the X- 
axis, Find the magnitude and direction of the 
resultant force acting on qo, if the charges are 
Qa=—6 pC, gos=+4'0 pC and go=+2°0 pC. 


(b) What is the electric field strength at the 
position occupied by the charge qo ? 


qaz=-6.0 UC 


Solution. 
(a) The force exerted on go by qa is 
Kqaqo 
a 


Fro= 
— (90x 109)(— 6:0 x 10-8) +2:0x 10-6) 
(5'0)2 
=—4:3x10-3N 
This is an attractive force (the sign is —) 


and is directed from qo toward ga along the 
lin> joining ga and go. Also 


(9:0 x 10°)(+-4 0 x 10-8)(+2:0 x 10-8) 
Fso= Rp OOE a er 


=+8:0x10-3N 


This is a repulsive force directed along the 
positive X-axis and away from qs at go. 


The two forces. on go are as shown in Fig. 
(7.29). To find the resultant we first find the 
X and Y components of the two force vectors 
at C. The angles in the triangle can be found 
from our knowledge of the three-sides of the 
triangle. 

Fx=8:0X 10-3 N—(4:3 x 10-8 N) cos 53° 

=(8:0—2°6)x 1073 N=5:4x 10-73 N 

Fy=(4'3 x 1073 N) sin 53° 

=34x 1073 N 
Then, we beve 
Resultant force= F= 4 F2 F Fy? 


=4 (54 F4 x 10-3 N 


The direction of the resultant force is given 
by 


= 34x103 
Fx 54x103 


Hence the resultant force on qo is of magni- 
tude 64x103 N at an angle of 32° with 
respect to the positive X-axis, as shown in 
the figure. 


(b) The electric field at go is in the same 
direction as the resultant force on qo found in 
(a). Hence the magnitude of the electric field 
is 


=063 


and so 


qo 20x106C 
or E=| 32x103 N/C 
Example 4 


A 12-V storage battery drives 50C of 
charge through a light bulb in 1 minute. 


(a) How much work has been done by the 
battery? 


(b) What is the electric power ? 
Solution 

(a) Since the voltage, or potential difference, | 
is the work done per unit charge, or | 


poms 


We have, W=qVas 


=(50 C)(12 V) 


=| 600 J 


(b) Since power is the rate at which work 
is done, 


=| 10W 
Hence, the power delivered by the storage 
battery is the same as that consumed bya 
10-W light bulb. 
Example 5 
An electron in a TV set is accelerated 


toward the screen by a voltage of 1000 V. The 
screen is 35mm from the electron source. 


(a) How much work is done by the voltage 
in accelerating the electron ? 

(b) What is the speed of the elzctron when 
it strikes the screen ? 

Electronic charge=1'6x 10719 C; mass of 
the electron=9'1 x 10781 kg. 


Solution 


(a) Since the work done per unit charge by 
the field is 


we have =qV 
=(1°6 x 10-19)(1000) J 


=| 16x1016 J 


(b) By the principle of conservation of 
energy all this work must be converted into 
kinetic energy of the electron, hence 


KES + m2=16x 10-16 J 


- m! 
=f 2(1°6 x 10 +! 


pie “91X10 81 kg 
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x 


=| 19x107 ms! | 


Note that the distance between source and 
screen is of no importance here. The crucial 
factor is the voltage between source and screen. 


Example 6 


Consider two point charges, q= +10 
and q2= +20 pC separated by a distance we 
10 m, as in Fig. 7.30. 


Fig. 7.30 


_ At what point on the line (or on its exten- 
sorong the charges is the electric field 
zero 


Solution 


Since the electric field strength is a vector 
and the two charges are positive, the only place 
where the ficlds due to the two charges can 
cancel is on the line between the two charges 
for only here are the two electric field vectors 
in opposite directions. 


Let rı be the distance from qı to th i 
where the field vanishes, Ai tet pl Fa 
be the distance from gz to the same point, 
Then, we have, from the definition of the 
electric field, : 


_ Kn 
E>" a 
E Kq2 ___ Kgg 
re (10-7) 


At the point where field vanishes, £= £3 
in magnitude, and they are. in the opposite 


direction Hence, we have 
K(1-0 uC) _ KOO uC) 
ry" (10=r1)? 
or (10 —ry)2=2ry? 
or 10—r=V2 r;, from which 
241 r=10m 


or ri=| 41 m from charge 
g a| 


226 


Hence the point where the electric field 
vanishes is on the line between the two charges, 
and 4:1 m fromthe smaller charge. There is 
no other point on the line joining the two 
charges where the field vanishes, since outside 
the charges the two fields are in the same 


ee 
direction. Of course, as r+>a, E+0. 


Example 7 


A current of 15A is maintained for 30 min 
through an electrolytic cell containing CuSO4. 
What is the amount of the charge flowing 
through the cell ? 


Solution 


The amount of the charge flowing through 
the cell is 


Q=It 
=15x30 x60 C 
as I=15 A and :=30 X 60 seconds 


Example 8 


The resistance of a graphite rod is 
30x 1071 Q. 


(a) What voltage must be applied across 
the two ends of the rod to produce a current 
of 10A through the rod ? 


(b) If the required voltage is supplied by a 
battery which delivers current for 10 min, how 
much work does the battery do ? 


Solution 
(a) From Ohm’s law, 
V=IR 
=10X 3-0 x 1071 volt 


T 


(b) Since, work done=W=QV=30, and 
Q=It=10x 10x60 C=6x 108 C 


We have W=3x6x103 J 
=| 18x104 7 
Example 9 


What is resistance at 0°C of a 1:0 m long 
piece of no. 5 gauge copper wire which has a 
cross-sectional area of 16°8 mm2? The resisti- 

vity if copper is 17x 10-8 Q. m. 


Solution 
Here, 1=10m 

A=16'8 mm?=16'8 x 10-6 m? 

p=1:7x 10-8 ohm. m 

using the basic equation 


SAL 
= have 


_ (17x 10-8)(1-0) 
(168x106) 


R 


Q 


Example 10 


Find the current delivered by a 6-V battery 
when it is connected to two light bulbs, each of 
resistance 50 Q and connected : 


(a) in parallel; (b) in series. 


Solution 
Ra 
R2 
1 
6v 
t iH 
(a) 
Rs Ro 
6v 
(b) 
Fig. 7.31. 


_ (a) The circuit is as shown in Fig [7.31(a)] 
with Ri=R2=50 Q. Since the two resis- 


tors are in parallel, we have 
1 1 2 
R= 30 +50 = 50 
or R=25Q 
Hence 
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(b) In this case, the circuit i Par 

17.31 (b)] and ca: e circuit is as in Fig. aie Aine 
R=R,+Ra 
=50+50=100 Q 


(a) 
R 312A 
18a 18 
6v 
if a a 
| 6v 
| 
Fig. 7.32. 

(a) In the circuit of (Fig 7:32), find the a 
current Z in the 18Q resistor. The terminal R = 6 
voltage of the battery is 60 V. 

(b) Find the currents flowing in the indivi- 
dual branches of the circuit. 

1B 
Solution ev 
(a) Here we must find the equivalent resis- 1 | 


tance of the circuit. In such complicated cir- 
cuits the best approach in applying the laws 
for combining resistances in series and in 
parallel is to start with the innermost combina- 
tion of resistances. This isthe combination of 
the 642 and the 12Q resistors in parallel, We 


find 


1 1 1 1 
R-eth4 
or R=42, 
We can then add this in series with the 8Q j 
resistor to obtain = ) 
R'=8+R=84-4=122 Fig 7.33. 
3 aokk and so R’=6Q. This must then be combined 
Next we must combine R’ with the 120 in series with the 180 resistor to yield a final 
resistor in parallel to obtain R”. We have equivalent resistance R’”’. 
A= dicey rae oat eat a We bave, R” =18+6 
ROR he) elite ~ 6 =240, 
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Our circuit has now been reduced to a 
voltage of 6'0 V driving a current through an 
equivalent resistance of 24Q. Hence, from 
ohm’s law, 


ve o0 |. 
Taya =| 0254 


The steps in this process of combining 
resistances are illustrated in Fig (7.33). 

(b) Since R’=120 and is in parallel with 
another 12Q resistor, the 0°25 A current must 
split in two, with half going through the 12Q 
resistor and half going through the other branch 
The 0'125 A going through the upper branch 
must also split so that twice as much current 
goes through the 6Q resistor as, through the 
12Q resistor, since the voltage across the two is 
the same. Hence 


goes through the 1212 resistor and 
| 0084 A | through the 60 resistor. 


The results are shown in (Fig 7.34) 
Example 12 


D A 150 W light bulb is connected toa 120 V 
ine. 


(a) What is the current drawn from the 


line ? 


(b) What 1s the resistance of the light bulb 


while it is burning ? 


(c) How much energy is consumed if the 


light is kept on for 604? 


(d) What would be the cost of this energy 


at 50 paise per kilo-watt-hour ? 
Solution 


(a) Since the power P=IV, we have 


(5) The resistance of the light bulb is 


Ve 120V | | 
R= = TZA 962. 


(c) W=Pt where W is energy cousumed. 


=(150 W) (6:0 4)=900 Wh=| 0:90 kWh 


(d) cost=0:90 x 50=45 paise=Rs. 0°45 


Example 13 


A 50Q resistor is attached to a 120 V circuit 


and immersed in 1°5kg of water. 


If the 


current drawn from the line for 15 min, what 


10v 
j— ——j— os 


j 1, = 0.125A 


l 120.125 A 


Fig. 7.34 


1= 0.25 A 


is the increase in temperature of the water, 
presupposing that all the electric energy goes 
into heating water ? specific heat of water= 
1 kcal/kg °C and 1 kcal=4-18 x 103 J 


Solution. 
The current drawn from the circuit is 
4 12O 
ing age ta 


The electric energy going into heating the 
water is then 


W=I2Rt here R=50Q and t=15x 60s 
=(2'4)2 x 50x (15 x 60)=2'6 x 105 J 


=62 kcal 
Since, Heat gained=W=mass of water 
x Specific heat Xrise in temp. of water 
rise in temperature (A T) 
Ww 
= mass of water Xsp. heat of water 


Example 14 


A heater coil connected to 220 V has a 
resistance of 1502. How long will it take this 
coil to heat 1 Kg of water from 20°C to 60°C, 
assuming that all heat is taken up by water ? 


Specific heat of water=1 kcal/(kg°C) and 
1 kcal=4:20 x 108 J. 


Solution 
The current drawn from the circuit is 
Pe 2200 
== Fu N47 A 


The electrical energy going into heating the 
water for ¢ seconds is then 
W=IRt 
=(1'47)? x 150 xt joule 
_ (147)? x 150 xt 
20x 108 Kal 
Since, Heat gained=W=mass of water x 
specific heat of water x rise in temperature 


(1:47)? x 150 xe 
Bo goxi 1X1 x40 


_ 40x 4:20 x 108 
= (47)? x 150 
=518'3 second 


second 


~ Example 15 


Two lamps, one rated at 100 W at 220V 
and the other 60 W at 220 V are connected in 
parallel to a 220 V supply. What current is 
drawn from the supply line ? 


Lı (100 W, 220 V) 


E r 
; (60 W, 220 V} 


ae z 
l 
220 V 
Fig. 7.35 
Solution 
Refer to (Fig. 7.35). 
For lamp Lı 


Power=P;=100 W 
Voltage=V1=220 V 


L Pa _100_ 5 
Current drawa=/,;= Vy “I0 Th A 
Resistance (R1) of the lamp 

Vı 220 


For Lamp Lg 
Power=P,=60 W 


Voltage=V2=220 V 


URTE O 
Current drawn=h= w= “iT A 
Hence, resistance (Ro) of the lamp 
Var 220 2420, 


egy N 


Since the two-lamps are connected in 
paraliel, their’ equivalent resistance (R) is 
given by 


mite? 8 
484 * 2420 ~ 2420 
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2420 605 > 
R ES : =3°6x 107 N/C along PS 
4 The current\drawn from the supply line is Let this be represented in magnitude and 
given by direction by the side PS.— 
_ Vv _ 220__[ 6. The electric field intensity at P due to 
I=- R 6052 erg —10yC charge at B 
Example 16 sigh LETEA 10%(— 10x 10-6) 
A dipole consists of two charges +q and S «Mae 5 \2 
—q separated by a distance (2d). Let each of io0) 
these with a magnitude of 10C be located at 
x=3-0 cm, y=0, and x=—30 cm y=0 res-  ==46x107 NIC along PM 


pectively (Fig. 7.36). Calculate the field $ é 
\strength at the point P (x=0, y=4 cm). Show Let this be represented in magnitude and 


~ that the direction of the resultant field is parallel 


aK 
to the X-axis. direction by the side PM. 


> 
The resultant field strength (E) is represent- 


ay 
ed by PT according to law of parallelogram of 
forces. 

Now As PST and APB are similar, there- 
fore, 


or PT=AB. —— 
Pq E 3°6 x 107 
E(w) ar 
(00) 
=4:32x 107 N/C 
> 
PT represents E 


6 
Am Gems 
ie E 


> 
PS represents Epa 
5 
Fig. 7.36 AES goma g 
Solution One can easily check that the resultant field 


Given OA=+3 cm ; OP=4 cm E os 
bits (E) represented by PT is directed parallel to t 
AP=/ (4)2+(3)2=5 cm X-axis because 7MPT—/ PBO=33° ee 
Similarly, PB=5 cm. y (alternate angles) 
The electric field intensity at P due to Example 17 
+10pC charge at A D A battery ons ž connected in series with 
S à -6 ree resistors of , 60, 40 (Fig. 7.37). Is 
Kq eS U] the current passing through each of the resistors 
r ( 5 ) the same? Calculate the potential difference 
100 across each resistor ? 


or NJC 


geen 


Fig. 7.37 


Solution 


Yes; since the three resistors and the 
battery are connected in series so the current 
passing through each of the resistors will be the 


same. 
Total resistance (R) in the circuit 
=124+6+4=22Q 
Total Potential difference (V)=6V 
According to Ohm'slaw, current (J) in the 
circuit is given by 
V 6 ' 
I= REZ A=027 A 
P.D. across 12Q=current x resistance 


6 ‘ 
=p7 * 12=3-27 V 
Similarly, 


P.D. across s=% x6=164 V 


P.D. across =i x4=109 V 


Example 18 

In the circuit shown in the Fig. 7.38, 
calculate 

(a) the current flowing through the arms 
AB, AC and CDE ; 

(b) the potential difference across AB, CD 
and DE, 


D E 
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Solution 

Equivalent Resistance of the arm CDE=6+4 
= 10Q (resistances in series). 

Since the resistances 109 and 12Q are in 
parallel, so the equivalent resistance (R) of the 
whole circuit is given by 

1 1 ESNE 


T +12 ~60 
60 
or R=7, 2 


A According the Ohm’s law, current (J) in the 
circuit is given by 


(a) At the junction A (Fig. 7.38), the 
current J gets divided into two parts Jı and Ig 
so that J=h+Jo. Let J, flows through the 
arm AB and Iz flows through the arm CDE. 
Since the arms 4B and CDE are connected in 
parallel so the potential difference across the 
arms AB and CDE each is the same. 


Hence 
12x1y=10x le 
h 10 
Th 12 


(Ohm’s law i.e., V=JR) 


h_10 


n=% x= x0'275=0'125 A, 
The current flowing through the arm 
AB=0:125 A 
Now, h=I-h 
=0'275—0'125=0'15 A 
Thus the current flowing through the arms 
AC and CDE=0:15 A as they are connected 
in series. 
(b) P.D. across the arm AB 
=current x resistance 
=0°125x 12=15 V 
P.D. across the resistor 
CD=current Xresistance - 
=0:15x6=09 V 
P.D. across the resistor 
DE=0'15X4=06 V 
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SUMMARY 


1. Simplest method of producing an electric charge is to rub two bodies with each other. 
Ebonite or plastic objects rubbed with wool and glass rubbed with silk, acquires the ability to 
attract small objects and the bodies showing this effect are said to be charged. 

2. There exist only two kinds of electrical charges. The charge acquired by a glass rod rubbed 
with silk is, by convention, called positive charge and that on an ebonite rod rubbed with wool 
is called negative charge. 


3. Like charges repel each other while unlike charges attract each ciher. 


“A According to the principle of conservation of electric charge, the electric charge is always 
conserved. It can neither be created nor desiroyed. It can only be transferred from one 
materia] to another. 

5 The materials in which charges move easily are called Conductors and those in which charges 
seem to be bound as insulators. 

6. The phenomenon of charging a neutral conductor by bringing another charged conductor near 
it, is known as electric induction, The qu tity of charge induced on a neutral conductor 
increases (i) with the charge on the inducing body and (ii) with the decrease in the distance 
between the two. The induced negative and positive charges are equal in amount and each is 
equal to the inducing charge. 


7. Charging electroscope by induction. Bring the charged rod near to the disc (or the cap) where 
upon the leaves diverge; touch the disc, the leaves collapse ; remove the finger, the leaves 
remain closed ; finally remove the rod, the leaves diverge. The induced charge on the leaves 
is opposite to the inducing charge on the rod. 

8. Coulomb's Law. The force of attraction or repulsion between two charged bodies carrying 
charge q, and q, and separated by a distance rin vacuum (or air) is given by 

> 


es A 
Poa Be r 


Po 


3 eae 


> 


where K is constant of proportionality and is equal to 9x10° Nm*/C*; 2 is a unit vector 
SS 


along r. 
In magnitude, 


9. The unit of electric charge is a coulomb (C). If two equal and similar char, laced 1 m 
apart, repel each other with a force of 9x 10° N, each ane is of almost 1 ee 


10. According to the principle of superposition, the force o? a charge at any point due to a number 
of other charges is the vector sum of the forces which would be exerted by the individual charges 
on the charge at that point. 


11. A charjed body can be regarded as surrounded by a field of force i.e, the space in its 
neighbourhood is changed in such a way thet another charged body, when eet in this 

f à i > > 
region, will experienc. a force. Jn general, electric field intensity E (r) at a point r is defined 
> 


+ 


such that gE (r)=F (r) where F is the electri >see acting on a charge g placed atr. i 
From Coulomb's lawit follows that th EO F 4 
To! lomb’s law it follows that the c`-<4ric field intensi i ji 
PREASA, ETE ric field intensity E o at a distance r from the si 


a> Ki Fa 
y A 
E E= r 


12. 


13. 


14. 


15. 


16. 


ae 

The direction of the vector E is that of the force on the unit positive charge. In S.T. units, 
the electric field is expressed in uewton/coulomb. The charge q is the source of the electric 
field and is called the source charge and the charge which feels the influence of the field is 
known as the test charge. A test charge is taken to be vanishingly small so that it does not 
alter the field to be measured by any appreciable extent. 


When there is more than one charge producing the field, we use the superposition nrinciple to 
calculate the resultant field intensity at a given point. 
The path traced by a test charge free to move under the effect of an electric field is called an 
electric line of force. Thus a line of force is a curve so drawn that a tangent to it at any point 
gives the direction of the electric field at that point. 

By convention, electric lines of force originate from a positively charged body and end at 
the negatively charge one. 

No two lines of force intersect each other. 
A charge in an electric field experiences a force and in response to this the charge moves, work 
is done by the source of the field. If, however, the charge is moved against the force, work is 
done by an outside agency. 


When a charee in an electric field moves from one point to another, the two points are said 
to differ in electric potential. We define the electric potential difference between the two points 
Aand Bas the work done to move a unit charge from A and B. 


( 
Potential difference (V)= -wor done a) 


or. 


The unit of electric potential is volt. 


One volt is the potential difference between two points in an electric field when 1 joule of 
work is done to move a charge of 1 coulomb from a less positive to a more positive point. 


1joule — 
L.volt= T coulomb 


Flow of electric charge is called an electric current. - Electric current flows when there is an 
electric potential difference and to keep an eic-iric current flowing through a conductor, it is 


obviously necessary fo maintain the potential difference between its ends. 
The electric current is the amount of charge“passing through a given point in one second. 
Q 


J=% 


t 


Current is a scalar quantity. The unit of elecric current is ampere (A). 


1 coulomb 
1 second 


rge of 1°6x10-"" C and a current of one ampere corresponds to a 


1 ampere= 


One electron carries a cha 


flow of 6°3 x 10" electrons/second. In fact there is a drift of so many electrons (not necessarily 


involving the same) every second from one end of the wire to the other. 


r which affects the flow of current in it is called its resistance. It is 


f a conducto s i? ` 
The property of a (symbol Q). A conductor possessing a certain resistance is 


expressed in volt/ampere, or ohm 
usually called a resistor. 


Ohm’s Law. The current flowing through a conductor is directly proportional to the potential 
difference across its ends provided the physical conditions of the conductor e.g. density, 
temperature, etc. remain constant. 


Mathematically ; + =Ror V=IR 


17. Resistances in series: 


R=R,+RitRst.--. 
The value of the equivalent resistance R is equal to the sum of the resistances in series, 
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R R a Ri R 
The reciprocal of the equivalent resistance is the sum of the reciprocals of the resistances. 
18. The resistance of a given wire depends upon 
(i) the material of the wire, 
(ii) the length of the wire, and 
(iii) the area of cross-section of the wire. 
Expressed mathematically, it implies that 


R= ot where p=resistivity of the material. 


19. Resistivity (or specific resistance) of a material is defined as the resistance of a cube of the 
material of side 1m when current flows perpendicular to opposite faces. It is expressed in 
ohm m. 
PRt A 
20. Amount of heat generated A= cal=J*Rr joule 
Electric power (P)= Æ =1R=VI watt 


kilo-watt-hour (kWH) is the unit of energy. 
1 kWH=3'6 x 10° J 


21. Electroplating is essentially depositing electrically a coating of any desired metal on another 
metal object. The process of electrolysis is made use of in the production of aluminium, 
copper, magnesium and other metals. 


QUESTIONS ` 


[A] Objective Type Questions 


1. Complete the following : 


(sf) 1 eV=..... 
(g) Electric field Intensity=K.........where K==........ newton per........- 
(h) 1 coulomb—......... electrons 
(i) Charge on an electron=.....--.---. 

(Jj) An electron volt is a unit Po AN 
(k) The Unit of electric field is S.I. system is..........-- 


2. The expression for Coulomb’s Law of force of interaction between two charges is 
(2) K 9192 


() ee 
Oreo 


a) er 
e 2E 
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An ebonite rod rubbed with a piece of flannel acquires. 
(a) Positive charge 

(b) Negative.charge 

(c) North poles ~ 

(d) South poles 


A negatively charged object is one that has an excess of 
(a) Positive charge 

(b) Negative charge 

(c) South poles 

(d) North poles 


A charged rod A is brought near another negatively charged rod B. It is observed 

pei the negatively charged rod B gets repelled this indicates that the first charged rod 
is 

(a) Charged negatively 

(b) Charged positively 

(c) Not charged and not magnetized 

(d) Magnetized but not charged 

The fundamental particle in an atom which is readily transferred from one object to 

another is the 

(a) Proton 

(b) Electron 

(c) Neutron 

(d) Positron 


The work needed to move an electric charge between two points is measured in units 
known as 


(a) coulombs 

(b) watts 

(c) joule 

(d) amperes 

Two point charges repel each other with a force 9'0 x 10-5 newtrons when they are 
1-0 metre apart. We can be sure of that both charges are 

(a) Negative 

(b) Positive 

(c) Unlike 

(d) Like 

If the distance between two charges in Q (8) is increased to 3°0 meters, the force between 
the charges becomes, in newtons 

(a) 10x105 

(b) 27x 10-5 

(c) 3°0x 1075 

(d) 45x105 
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10. 


11, 


12. 


13. 


14. 


15. 


16. 


17. 


Two point charges are a distance of r meters apart and exert a force of F on each other. 
If the distance between them is doubled, the force becomes 
(a) F/4 
(b) F/2 
(c). F/2r 
(d) F 
Most metals are good conductors of electricity because they have 
(a) A large number of molecules 
(b) A large number of free electrons 
(c) A shiny surface 
(d) A low temperature coefficient 
As ts electric field intensity at certain point decreases, the force per unit charge at the 
poini z 
(a) increases 
(b) decreases 
(c) remains the same 
When two materials such as glass and silk, are rubbed together, the net charge on one 
material, after rubbing, is numerically 
(a) less than that of the other 
(b) greater than that of the other 
(c) the same as the other ; 


Six joules of work are required-to -transfer 12 coulombs between two points. The ` 


potential difference, in volts, between the two points is 
(a) 0:5 i 
(b) 2: 
(c) 12 
(d) 72 
The force between two charges is 48 newtrons, If the distance between the charges is 
halved, and each charge is doubled, the force, in newtons, will be 
(a) 12 3 
(b) 24 
(c) 48 
(d) 48x 16 
The SI unit of electric potential is the 
(a) volt 
(6) Voltmeter 
(c) Microvolt 
(d) coulomb $ 
Solids which are good conductors of electricity have many loosely bound 
(a) Protons 
(b) Electrons 
(c) Atoms 
(d) Neutrons 


eA a ki 


18. 


19. 


20. 


21. 


22, 


23, 


24. 
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A unit of electric current is the 

(a) volt 

(b) watt 

(c) ampere 

(d) coulomb 

To keep an electric current flowing through a conductor, it is necessary to maintain. 


(a) the potential difference between its ends. 

(b) the capacity of the conductor 

(c) the quantity of charge 

(d) the ratio between potential difference and charge 


A 30 ohm and a 60 ohm resistors are connected in series. The current in the 60 ohm 
resistor is how many times that in the 30 ohm resistor ? 


(a) 1 

(b) 2 

(c) 1/2 

(ad) 4 

A man has two nichrome wires each 3 m long. One wire has a cross-section area of 
4 units, the other a cross-section area of 8 units. The resistance of the first wire 
is......+++...times that of the second. 


(a) 1/2 

(6) 2 

(c) 1/4 

(d) 4 

Two copper wires have the same cross-section but one wire is three times as long as 
the first. The ratio of the resistance of the long wire to that of the shorter one is 


(a) 1/3 
(b) 1/9 

(c) 3 

(d) 9 

A 30 ohm and a 60 ohm resistor are connected in series. The combined resistance of 
the two resistors, in ohms, is 

(a) 20 

(b) 90 

(c) 30 

(d) 1800 


Two wires are made of nichrome. Wire A is twice as along as wire B and has a cross- 
section area twice a great. The ratio of the resistance of wire A to that of wire B is 


(a) 1 
(b) 2 
(c) 3 
(d) 1/2 
(e) 4 
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25. 


26. 
27. 


28. 


29. 


31. 


32. 


33. 


The current in a 60 obm resistor connected to a battery of negligible resistance having 
an emf (P.D.) of 30 volt is...... 


The voltage across a resistor of 20 ohm, with a current in it of 3'5 ampere—— 


A 20-ohm and a 40-ohm resistor are connected in paralled. The current in the 40-ohm 
resistor is how many times that of the 20-ohm resistor ? 

(a) 1 

(b) 2 

(c) 4 

(d) 1/2 


If the potential difference across a resistor is doubled, the current in it is 

(a) unchanged 

(b) doubled 

(c) halved 

(d) quadrupled 

As more appliances are added in parallel to a battery of negligible internal resistance, 
the voltage across each appliance 

(a) increases 

(b) decreases 

(c) remains the same 


Two charged bodies A and B are at potential —30 V and +20 V respectively and they 
are connected by a conducting wire. The current 


(a) will flow from 4 to B 

(b) will flow from B to 4 

(c) will not flow at all 

A charge of 120 coulomb flows across a point in 4 minutes. The flow of an electric 
current, in ampere is 

(a) 5 

(b) 0°5 

(c) 1/5 

(d) 25 

A 2-ohm resistor and a 4-ohm resistor are connected in parallel. The combined 
resistance of the two resistors, in ohm, is 

(a) 13°3 

(b) 133 

(e) 1:33 

(d) 1330 

(e) 0°133 


The unit cf specific resistance is 
(a) ohm-meter 

(6) ohm 

(c) volt 

(d) ampere 


34, 


35. 


37. 


39. 


239. 


1 volt of petential difference is equal to 


(a) 1 coulomb per joule 

(5) 1 joule 

(c) 1 joule per coulomb 

(d) 1 ampere per joule 

A 20-ohm and a 40-ohm resistor are connected in series. The ratio of the power used 
by the 40-ohm resistor to that used by the 20-ohm resistor it 

(a) 1 

(b) 2 

(c) 1/2 

(d) 4 


. A 20-ohm and a 40-ohm resistor are connected in parallel. The power used by the 


40-ohm resistor is how many times that of the 20-ohm resistor ? 
(a) 1/2 

(b) 2 

fc) 1/4 

(d) 4 

For the resistors in Q. (36) the rate at which heat is developed in the 40 ohm resistor is 
how many times that the 20-ohm resistor ? 

(a) 1/2 

(b) 2 

(c) 1/4 

(d) 4 


. Ifa potential difference across a resistor is doubled, the power, used by it is 


(a) unchanged 

(b) doubled 

(c) halved 

(d) quadrupled 

Several electrical appliances are arranged in order to decreasing wattage rating. Assum- 
ing that they are rated at 120 volts, as the wattage rating decreases, the resistance of the 
appliances 

(a) increases 

(b) decreases 

(c) remains the same. 


. A 100-watt heater operates on 120 volts. The current in the heater is...... amperes. 
4. 


Of the following, the meter which reads energy used, is the 


(a) ammeter 

(b) voltmeter 

(c) ohm meter 

(d) kilo-watt-hour meter 


36 x 108 joules of energy represent 
(a) watt-hour 
- (b) kilo-watt hour 
(8 watt 
(d) H.P, 
. When a current of 7 amperes flows through a resistor of R ohms, the rate of product- 
ion of heat is 
(2) TAR joule per second 
(ii) ISR watt 
(iii) I2R coulomb per volt 
44. Electrical induction is the process of 
(a) charging a polythene rod negatively by rubbing it with a duster 
(b) charging an acetate rod positively by rubbing it with a duster 
(c) charging a body positively by contact with a positive rod 
(d) charging-a body negatively by contact with a negative rod 
(e) producig a separation of equal amounts of positive and negative charges without 


[B] Very Short Amswer-Type Questions : 

1, What property do electrical objects have ? 
2, What is Coulomb's law of charges ? 
3, How does a charge on an electron compare with the coulomb ? 
4. What kind of charge is acquired by a neutral object when it touches a positive object ? 
5. Is electric field intensity a scalar quantity ? 
6. What is one ampere ? 
7. What does the electric current consist of in metals ? 
8. State ohm’s law. 
9. What is one ohm ? 

10, What is a milliampere ? 

11. What is the effect of each of the following on the resistance of a metallic EAO 


(a) doubling the length 
(b) doubling the cross-section area 
(c) increasing the temperature. 


12. What is meant by a closed circuit ? 

13. What is the potential difference across one of the resistors in a series circuit ? 
14. What is the combined resistance of resistors connected in parallel ? 

15. What is a voltmeter ? How is it connected in an electrical circuit ? 


16. What isan ammeter? How is it connected in an electrical circuit ? 
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. Name the S.I. unit of 


(a) charge 

(5) current 

(c) potential difference 
(d) resistivity 


. What is the relationship between coulomb and ampere ? 
. How is the encrgy used by a device related to its power rating ? 
. If two unequal resistors are connected in parallel, which resistor develops heat at the 


greater rate ? 


. Name three appliances which are based on the heating effect of current. 
. Name the S.I. unit of 


(a) Electrical energy 
(b) Electric power 
(c) Electrical energy used 


. How are electrical appliances connected in a house ? 

. What is earthing ? 

- What is electrolysis ? 

. What is electroplating ? ` 

. What is a voltaic cell ? 

. Define resistivity. 

. Define volt. 

. What is bigger, a coulomb or charge on an electron ? 

. How many electronic charges form one coulomb of charge ? 


Two bodies having one coulomb of charge each is separated by | minair, What is 
the force of repulsion between them ? 


. State two practical applications of chemical effect of current. [A.LS.S. 1987) 


[C] Short Answer Type and Essay Type Questions 


2. 


State coulomb’s law of force of interaction between two charges and hence define 
coulomb (a unit charge). [4.LS.S. 1982] 
(a) Define : Electric field and Electric field intensity 
(b) Ts electric field intensity a vector or a scalar quantity ? 
(c) Mention its unit in SI system. 
(d) Derive an expression for the magnitude of electric field intensity at a point in an 
electric field. 
What determines whether a ditferznce of potential exists between two points ? 
(b) Define (i) potential difference 
(ii) Volt 
(e) fs potential (or potential difference) a vector or a scalar quantity ? 
(@) A conducting object connected to the earth is at zero potential. Explain. 


me 


4. Derive an expression for the amount of heat produced in a conductor when an electric 
current flows through it . 

5. What is meant by power and energy in an electric circuit ? How are these measured ? 
What is meant by one unit of electricity. 

6. Define ; watt, kilowatt-hour and kilo-watt. 

7. Describe clearly the processes of friction and induction to charge a body. Explain how a 
charged (positive or negative) body attracts an uncharged body. 

8, State the principle of conservation of charge. Describe two experiments to illustrate 
this principle. 

9. Distinguish between conductors and insulators. 

1), How would you use Coulomb’s law to calculate the force on & charged body in the 
presence of many other charged bodies ? 

11. Name three quantities that are measured in electrcity and state in what units they are 
measured. 

12. (a) Defne “i Electric potential difference ; Electric current ; an ampere ; coulomb ; volt 

and ohm. 


(b) What is the relationship between charge and current ? 
(c) Complete the following :— 
(i) 1 coulomb=......electrons 
(ii) Lm A=......4 
(iii) 1p A=....A 
(iv) 1 m V=... Vv 
(d) Explain the meaning of the statement, “Potential difference between two points is 
1 volt.” (A.LS.S. 1982) 
3. State the use of the following electrical instruments in an electric circuit : 
» (a) Ammeter 
(b) Voltmeter 
(c) Rheostat 
(d) Key 
(e) Cell or battery 
(f) Connecting wires. 
14, Draw the following circuit : 
A battery of 3 cells supplies current to a circuit in which a given wire is connected in 


series with a lamp, a rheostat (variable resistance), a plug key and an ammeter; 8 
voltmeter is now connected across the given wire to measure the potential difference 


between its ends. 

15. State Ohm’s Law. Draw an electrical circuit with which you can verify this law and 
make out a table showing the readings required for this experiment. Name two physical 
conditions that influence the resistance of the conductor. 

15. (a) Define resistance of a conductor. Mention its unit and define it also 
(b) What is the difference between a rheostat and a resistance box ? 

16, Calculate the total resistance when a number of conductors are joined 
(a) in series, and 
(b) in parallel. 


19. 


21. 


22. 


23, 


24. 


25. 


26. 


27. 


28. 


31. 
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(a) What is an electric circuit ? 
(b) If one bulb gets fused in your house, will other bulbs remain glowing ? Why ? 


(c) Write down the full names and nationalities of the scientists after whom the 
following units are named. 


The ampere : the volt ; the ohm. (Find these out from books in your school library,) 


Connect twoi lamps (each 1'5 V), a battery (1'5 V) and a switch so that one lamp 
remains permanently alight and the other lamp be switched on and off by the switch. 


, Connect the two lamps, two switches and a battery so that both switches are required 


to switch on both lamps, but one switch will switch off one lamp and other switch will 
switch off both lamps. 


(a) - Mention the various factors that affect the resistance of a conductor. 

(b) What do you understand by the specific resistance (or resistivity) of the material of 
conductor ? 

(c) State SI unit of specific resistance of a conductor. 


(a) How does the resistance of a conductor vary with its length ? 

(b) What is the relationship between the resistance of a conductor and its cross- 
sectional area ? 

The resistance wire in an electric radiator is usually wound on fireclay an insulating 

material ? Why is an insulating material used ? What would happen if a bare resistance 

wire were wound on a piece of iron ? 

Some materials conduct electricity ; for example piece ‘of iron or copper. Others like 

paper, do not appear to conduct, and we call them insulators. Wood is an insulator. 

It might be a good material on which to wind the resistance wire of the clectric radiator 

element, but it is not. Why not? 

Why does the resistance wire get hot and not the copper wire of the cable of the electric 

immersion heater ? > 


What is meant by electrical induction ? Show how will you charge a body positively 
by induction. Why is the finger removed before the charged body ? 


(a) Define an electric line of force. 

(b) Give the chief properties of electric lines of force. 

(c) Explain the electrostatic attraction and repulsion on the basis of the lines of force. 
(d) Why two electric lines of force do not cross each other ? 

(a) How can electron-transfer reactions that are not spontaneous be forced to occur ? 


(b) What are the basic requirements for a silver plating cell ? 


. A very small sphere is given a positive charge and is then brought near a large negati- 


vely charged plate. Draw a diagram of the system showing the appearance of the 
electric lines of force. 


How can you explain (a) the presence of a charge on a glass rod after it has been 
rubbed with silk, (b) the charge remaining on the silk ? 


An insulated, uncharged sphere A stands near a wall, a positively charged sphere, is 
placed so that A is between it and the wall. Draw a diagram of the electric lines:of 
force round the arrangement. £ 


= 


=% 


10. 


il. 


12. 


yii PROBLEMS 


hat is the electric field intensity 0:4 m from a charge of 7 x 1075 coulomb ? 
[Ans. 393x10% N/C] 


2. Two charges, one of 1'5 pC and the other of3 C are 02 m apart. Where is the 


electric field in their vicinity equal to zero ? {Ans. 00828 m from the smaller one) 


Hydrogen atom, which is the simplest structure of all atoms, consists of an electron (a 
particle of mass 91 x10731 kg and a negative charge of 16x10 19 C) anda proton 
(a particle of mass 17 x 10-2? kg and a positive charge of 16x 10 19 C) separated by an 
average of 53x101! m. Compare the electrical force between the electron and proton 
and compare it with the gravitational force between them. Universal gravitational 
constant (G)=6°7 x 10-11 Nm*/kg?. [Ans. 81x10 8N; 2:2x 1039] 


Charge Q1=+1'00« 10-71? C and Q2=—4'00x 10-12 C are situated 5 m apart in air. A 
third charge Qs=+1:00x 10 44 C is placed midway between them. Find the magnitude 
and direction of the resultant force on the third charge. 

[Ans. 7:20x 10-17 N in the direction from Q; to Q3} 


. Determine the electric field intensity midway between charges of +1:00 x 10712 C and 


— 400x 10°12 C which are separated by 5 m in air. 
[Ans. 720x1073 N/C in the direction from the smaller charge to the larger one] 


Two point charges of magnitude 4x 10-8 C and —9x10"C are 50cm apart in 
vacuum. At what point is tho electric field intensity zero ? 
[Ans. 1 m from the positive charge] 


Two equal conducting spheres of negligible size are charged with 50x10 14 coulomb 
and — 6'0 x 10714 coulomb, respectively, placed with their centres 20 cm apart If they 
are moved to positions 50cm apart, compare the forces between them in the two 
positions. The spheres are connected by a thin wire. What force does each now exert 
on the other ? [Ans. 62510 1 ;9x101® N] 


; A body whose mass is 108 kg carries a charge of +10 8 C. What is the magnitude of 


an electric field that can hold the body suspended in equilibrium ? Acceleration due to 
gravity =10 m/s?. [Ans. 10 N/C] 


Three charges +5 aC, —4 „C and +4 pCare placed at the vertices A, B, D respectively 
of an equilateral triangle whose one side is 10 cm. Find the resultant force on the 
charge at A, due to the other two charges. [Ans. 18 N directed parallel to DBJ] 


A point charge A of +4x10-8 Cis placed at a distance of 05m from acharge B of 
—3x 10-8 C. Find the electric field intensity at the point midway between the charges. 
[Ans. 10:08 x 103 N/C) 


Find the force on a test charge of 2x 10-® Cif it is placed in a uniform field intensity 
of 5x 104 N/C. Calculate the work done by the field if the charge moves 0°3 m (a) in 
the direction of the field, and (b) perpendicular to the field. 

[Ans. 1x10°4N ;(a) 3x10 5 joules (b) zero} 


If 10 A of current flows through a conductor for 1. minute, how many units of charge 
pass through it in 1 minute ? [Ans. 6x10? C] 


_ A dry cell is directly connected by wires to a small light bulb. The cell maintains a 


potential difference of 1°5 V across the lamp. Ifthe electron current flowing through 
the circuit is 0-5 A, what is the resistance of the circuit ? [Ans 3 ohm] 


. Three resistances of 5, 10 and 20 ohms are connected (i) in series, and (ii) in parallel. 


Find the effective resistance in each case. [Ans. (i) 35 Q (ii) 2°85 O] 
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15. What is the resistance of a copper wire 20 cm long and 0°81 mm in diameter at 20°C ? 
The resistivity (or specific resistance) of copper at 20°C is 1°72 1076 ohm.cm. 
[Ams. 0°67 ohm] 


16. A rectangular bar of iron is 2 om by 2 cm in cross-section and is 40 cm long. Tts resis- 
tance is 1 x 10-4 ohm at 20°C. What is the specific resistance of the rectangular bar of 


iron? [Ans. 1x107 ohm.m] 
17._What resistance must be placed in parallel with an 11 ohm coil in order to make the 
combined resistance 19 ohms ? [âns. 110 Q] 


18. Three resistance wires 5, 4, 10 ohms respectively are connested in parallel in an electric 
circuit. If the current in the 4 ohm branch is 20 mA, calculate the currents in other 
branches. [Ans. 16mA ;8 mA] 


19. Three resistances of 20 ohm, 5 ohm and 4 ohms respectively are connected in parallel. 
Find the combined resistance and total current when a potential difference of 5'8 V is 


applied. [Ans. 2 Q; 29 A] 

20. Two coils in series have a resistance of 18 Q and in parallel a resistance of 40 Q. Find 

the separate resistances. [Ams. 12036Q] 

21. What current passes through R in Fig. (7.39) ? [Ans. 1 A] 
2 ohm 


Fig. 7.39. 
22. What is R in (a) and (6) in Fig. (7.40) ? {Ams. (a) 5Q (6) 13:3 0] 
AMMETER 


4 A AMMETER 
a ol ila ta kegns 
10V 1A 
(b) 
Fig. 7.40. 3 

23. How much work is done in moving a charge of 2 coulomb from a point 118 at volts to 
a point at 128 volts? {A.S.S. 1988] 
$ (Ams. 20 3} 
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24. In the circuit diagram given in Fig. (7.41) find ; 


(i) total resistance of the circuit 

(ii) total current flowing in the circuit 
(iii) the potential difference across Ri ]4.1.8.S. 1982] 
; [Ans. (i) 12 obm (ii) 05 A (iii) 36 V] 


8n 


Fig. 7.41. 


25, Consider a circuit shown in Fig. (7.42). Here we have two resistances Rı and Re of 
100 © and 300 Q respectively connected in parallel and a third resistance Rs of 50 Q 
connected in series with the combination. Suppose the potential drop across the 
terminals of the battery is 200 V. Find the values of the currents through the resistors 
Ry, Rz and Ra. [Ans. 1'2 A3;04A;16 A] 


+ < 
e 

200V 

R= 100 


Fig. 7.42. 


26. A potential difference of 200 V is applied across.a resistance of 400 Q in a light bulb. 
Calculate the current and the electric energy dissipated per second. 

[Ans. 0'5 A; 100 J] 

27. A 100 watt electric bulb is’ lighted for 2 hours everyday and four 40 watt bulbs are 


lighted for 4 hours everyday. Calculate the energy consumed in a month (30 days). 
[Ans. 25'2 kWh] 


28. A torch bulh is rated at 2'3 volt, 300 mA, Find its (i) power, and (if) resistance. 
[Ams. 1:25 W ;5 Q] 


29, How much energy is consumed by a electric radiator in 2 hours, if it takes a current of 
3 A from a 200 V supply ? [Ans. 2 kWh] 
30. A heater is marked 500 watts — 220 volts. Find 
@ ithe current it draws 


ARY thb cost of using it for 4 hours at 15 paise per unit ; and 
‘Af! the resistance of the heater. [Ams. (i) 2:27 A (ii) 30 paise (iii) 96-8 ohm] 


31. 


36 


37 
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An electric kettle takes 4 A when put ona circuit of 220 V. In what time will 450 g 
of water be heated from 20° C to 100°C? (1 calorie=4°2 joule). 
[Ans. 171°8 seconds] 


A house is fitted with 8 lamps (each 40 W) and 2 fans (each taking 0°25 A). The energy 
is supplied by electric company at 220 V. If the lamps are (on the average) lighted for 
three hours a day and the fans work for 6 hours a day what will be the bill for 30 
days? The cost of energy supplied is 40 paise per kWh. [Ams. Rs. 19°44] 


An electric coil of 45 Q resistance is connected to an electric supply of 220 V. Compare 
the heat energy involved with that produced in the coil when it is joined (i) in series 
(if) in parallel with similar coil and connected to the same supply. 

fAns. (i) 2:1 (ii) 1:4] 


. Three lamps of 100 W, 70 W and 50 W respectively are connected to a power supply 


of 220 V. Calculate 
(i) total current consumption 
(ii) total resistance of the arrangement 


(iii) cost of keeping it lighted for 5 hours daily for 30 days ; the cost of electricity being 
25 paise per unit. [Ans. (i) 1 A (ii) 220 Q (iii) Rs, 825] 


. A 1400 W room heater is used for 10 hours daily. If the energy be 10 paise per unit, 


what is the cost of using it for a month of 30 days? How much heat in calories is 
supplied by it per hour? (1 Cal=4-2 J). [Ans. Rs. 42:00 ; 12 x 105 cal] 


How does the resistance of a wire compare with that of another wire of the same 
material but twice the radius and four times the a Fe ? [A.LS.S, 1987] 
Ans. Resistance remains the same] 


5-A 


© 4V 


Fig. 7.43. 
In the circuit diagram given in Fig. 7.43, find 
(i) Total resistance 


(ii) Current shown by the ammeter A. [A.LS.S, 1987) 
[Ans. (i) 2°50 (ii) 16 A] 


CHAPTER 8 


Magnetism and Electromagnetism 


8.1. INTRODUCTION 


In this chapter you will se that a magnet 
does other things besides .\erely picking up 
nails and pins, a property whuzn you probably 
know already. You will also icarn that iron 
that steel are not the only metals that can be 
magnetised. You will also see vay a piece of 
iron becomes a magnet under the influence of 
a magnet brought near it. 


When an electric charge is still, there is an 
electric field around it. When the charge 
moves, a magnetic field also appears. Associa- 
ted with any current is a magnetic field; they 
are inseparable. Because of the magnetism 
associated with a current, there is an interac- 
tion between a current-carrying wire and a 
magnetic field much like the one that occurs 
between an ordinary bar magnet and an exter- 
nal magnetic field. Electrical measuring ins- 
truments of the moving coil (and pointer) type 
make use of this effect. ln the industrial uses 
you will learn about an electric generator, a 
pancetaats household electric circuits and a 
fuse, 


Importance of earth’s magnetic field will 
also be highlighted in the form of elements of 
earth’s magnetic field. 


8.2. PROPERTIES OF BAR MAGNETS 


It has been discovered, a long time ago, 
that a mineral known as magnetite, found in 
various parts of the earth, is capable of attrac- 
tingiron. J* is said that this mineral, which 
is actually an oxide of iron (ferroso ferric 
oxide), was first discovered in a town called 
Magnesia in Asia Minor; hence the word 
magnet. 


When a specimen of magnetite is dipped in 
iron filings the filings cling to it like whiskers, 
particularly in two places. When it is sus- 
pended so that it can rotate freely in a hori- 
zontal plane, it will always settle down, in a 
particular direction. This property of magne- 
tite has been known for thousands of years, 
and the chinese, earlier than 2500 B.C.; had 
used it as a primitive compass. Because of 
this use the name Joad stone or leading stone 
was given to the iron ore. 


Any material which possesses the properties 
similar to those shown above is said to be a 
magnet. As the lodestone is found to occur 
naturally, it is called a natural magnet. If a 
lodestone is used to stroke (i.e. rub) a bar of 
iron in one direction, the iron will also acquire 
the same properties as those of the lodestone 
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Fig. 8.1. 


without the lodestone losing its magnetic power. 
Magnets obtained in this manner are known as 
artificial magnets. 


The lodestone is now no more than a 
muygeum specimen, since artificial magnets can 
be quickly obtained in any shape, and they are 
much easier to handle than the natural magnet. 
Some of the artificial magnets are shown in 
Fig. (8.1.). 

You have probably played with a magnet 
and been thrilled by the way it picks up smail 
pieces of iron, such as nibs, pins and nails. 
However, you probably do not know that a 
magnet can do more than pick up pieces of 
iron. Now, try the following experiments and 
see what else a magnet can do : 


Experiment. To list those substances 
which can be attracted by a magnet and those 
which cannot. 


Requirements. A bar magnet, iron nails, 
pieces of stecl, glass, wood, nickel, copper, 
aluminium, cork, cobalt, sulphur and carbon. 


Procedure. Move the bar magnet near 
these substances and record your observations 
in two columns as shown below : 


Substances attracted | Substances not attrac- 
ted by the magnet 


by the magnet 


$ 29 


You will find that only four substances in 
your list are attracted by the magnet. These 
are iron, steel, cobalt and nickel and these 
four are called magnetic substances, while all 
others are called non-magnetic substances. 
Magnetic substances can be attracted by a 
magnet, and they can also be turned into a 
magnet. Non-magnetic substances have 
neither of these properties. 


Experiment. To find out where the power 
of attraction in a magnet is situated or con- 
cenirated. 


Requirements. A bar magnet, iron filings 
and a piece of paper. 


Procedure. Spread out some iron filings 
over a sheet of paper. Roll thè magnet, in 
the filings, taking care that all parts of the 
magnet touch the filings. Lift up the magnet 
and observe how the iron filings are distributed 
all over the magnet. 


FILINGS 


IRON 


ZF 


a 
Fig. 8.2. The poles of a magnet. 


You will notice that most of the iron 
filings cling to the two ends of the magnet 
while there are very few iron filings around 
the middie (Fig. 8.2). These two regions 
where the magnetic power of the magnet 
seems to be concentrated, i.e., where the 
magnetic attraction is strongest, are called 
the magnetic poles of the magnet. 


ent. To observe what happens 
when a magnet is suspended freely &n a horizon- 
tal position. 


Requirements. A bar magnet, ov Wii 
thread and wooden stand. A ERE ae 


Procedure. First twist the wire to form 
a stirrup as shown in Fig. 8.3 and hang it 
from the wooden stand using a thread. (Can 
you explain why a wooden stand and a 
stirrup are.used ?) Now place the bar magnet 
in the stirrup so that it lies horizontally. Let 
It move freely until it comes to rest. Note in 
what direction it rests, You may usea peacil 
line on a sheet of paper placed below the mage 
net to mark this direction. In this case yout 
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Fig. 8.3. A suspended magnet. 


magnet will have to be hanging close to the 
sheet of paper. 


N.B. A small sheet of paper may be used 
as a stirrup. 


Set the magnet moving again and watch it 

come to rest once more. Again mark the 

_ direction in which it rests. Try this a few 
more times. What do you notice ? 


You will notice that the magnet settles so 
that its poles lic in the same definite direction 
every time, This direction, you will observe, 
is approximately north and south. The pole 
that always points north is called the north- 
seeking pole (or North Pole), while the other 

le is called the south-seeking pole (or 
South Pole). 


Experiment. To watch the action of a 
magnetic pole on another magnetic pole, 


Requirements. Two cylindrical bar magnets, 
wooden stand, copper or paper stitrup, 


Procedure. Set up the rif Soi aa in the 
last experiment and use it to find the poles of 
the two bar magnets. Mark the two North 
Poles with chalk. 


Now place one of the magnets in the 
stirrup. Bring near to its North Pole first the 
North Pole and then the South Pole of the 
other magnet. Note what happens in cach 
case. Repeat the process by moving both 
poles of the magnet in turns to the South Pole 
of the suspended magnet. Again, note what 
happens. 


Record your observations in the table 
shown below, using the words ‘attraction’ or 
‘repulsion’. 


Effect on North Effect on 
Pole of suspen- | South Pole of 
ded magnet suspended 

magnet 


North Pole 
brought 


South Pole 
brought 
near 


Now take the suspended 
stirrup and som both magnets side by side on 
rst with 


from the 


the table, the North Poles in the 
same direction [Fig. 8.4 (a)] and then with the 
North Poles in opposite directions [Fig. 8.4 
(b). Note what ha sin each cash. You 
will notice that in the first case the magnets 
will roll away from each other, while in the 
second they roll towards each other. 


(a) Like poles s 
{b) Unlike poles attract. 

Fig. 8.4. The action of magnetic poles on 
One another, 

These observations added to those filled in 
the table above can be summed up by saying 
that like poles repel and unlike poles atiract, 
the force of attraction or repulsion acts along 
the line joining the two poles and is inversely 
Proportional to the square of the distance 
between them and this is the rule for forces 
between magnetic poles, an important rule in 
magnetism. 


Experiment. To show that a magnet will 
act through non-magnetic substances such as 


paper and glass but not through magnetic sub- 
stances such as iron and steel. 


Requirements, A bar magnet, a horse- 
shoe magnet, a sheet of paper or thin card- 
board, a beaker of water, a bottle of iron 
filings, an iron ring, a small compass, fron 
pins and nails. 

Procedure. (a) Place some iron pins or 
nails on the table. Cover them with a sheet 
of paper or thin cardboard. Now move a 
magnet above the paper. Let the magnet 
touch the paper and then lift up the magnet, 
What do you notice? [See Fig. 8.5 (a)}. 

b) Again, place a pin in a beaker of 
wend won a t near so that it touches 
the beaker near thepin [Fig. 8.5 (4)]. Care- 
fully move the magnet up the beaker and 
notice what happens to the pin in the water, 


HORSE SHOE 
MAGNET 


(b) Glass and water. 


Fig. 8.5, A magnet acting through non-magnetic 
substances, 
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(c) Move a magnet near a bottle contain- 
ing iron filings and watch how the filings 
behave as the magnet is moved up and down, 


COMPASS NEEDLE 
(NOT AFFECTED) 


Fig. 8.6. A magnet cannot act through a 
Magnetic substance, 

(d) Place the smal! compass needle at the 
centre of the iron ring. Now move a Magnet 
about outside the ring and watch the move- 
mn y the compass needle inside the ring 
(Fig. 8.6). 


You will no doubt notice the following : 


In (a) the paper clings to the magnet and 
carries with it the pins and nails [Fig. 8.5 (a)}. 
This would suggest that the paper has suddenly 
become a magnet attracting the pin. In actual 
fact, the paper is still non-magnetic, but it 
allows the magnet to act through it. ! 


In (b) the pin moves up the beaker because 
it is attracted by the magnet. In this case, as 
in (a), the magnet has acted through the glass 

the water, both of which are non-magnetic. 


In (c) the iron filings seem to be dancing 
about in the bottle as the magnet moves up 
and down outside the bottle. Here again, the 
magnet acts on the filings through glass, 


In (d) the compass needle in the iron ring 

not move at all; that is, the magnet 
outside the ring has no effect on it, Thus, a 
magnet does not act through iron, which is a 
magnetic substance. 


From the observations outlined above it is 
casy to conclude that magnets act through 
non-magnetic substances, but not through 
magnetic substances, It should be noted that 
the non-magnetic substance must not be 
too thick. 


From the above experiments you can see 
that if we want to protect anything from the 
effect of magnetism ali we have to do is to 
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surround it with a ring of iron or of any other 

substance. A watch, for instance, 
can be rendered anti-magnetic by surrounding 
the hands with a ring of steel. 


A magnet has always two poles—north 
pole and the south-pole. They cannot be 
separated by any practical means. A single 
magnetic pole cannot be isolated. 


Ifa bar magnet is broken gently at the 
middle (Fig. 8.7), new poles appear at the new 
ends produced. The two yoles of each small 
magnet produced are always of the same 
strength as of the parent magnet. Thus, we 
have two magnets of the same strength but of 
half the length. Similarly if a magnet is 
bisected lengthwise, we get two magnets of the 
same length but of half the strength. If this 
process of division is carried on by the two 
above mentioned methods alternately, the 
smallest piece will be a molecule which will 
also be magnet in itself having northpole and 
south pole. Thus every magnet consists of 
small molecules which in themselves are small 
magnets and each of them has a north pole at 
one end and a south pole at the other. These 
small magnets are magnetic dipoles. 


From the experiments outlined above, it is 
easy to conclude that 


(i) A bar magnet attracts irori filings more 
near its free ends. These ends are 
called the poles. 


(ii) Ifa bar magnet is suspended in such 
a way that it is free to rotate in a horizontal 
plane, it takes the north-south direction. The 
ead which points towards the north is called 
the north-pole and the end which points 
towards the south is called the south-pole. 


(iii) Like poles repel and the unlike poles 
attract each other. force of attraction or 
repulsion acts along the lime joining the two 
poles, and is inversely proportional to the 
square of the distance between them. 


(iv) A magnet can induce similar properties 
in some substances. We call these magnetic 
substances. Iron is one of the most important 
magnetic materials. We call this phenomenon 
magnetic induction. 

(v) If we break a magnet into two or more 
smaller pieces, even the smallest possible 
magnet has both north and south poles. We 
cannot obtain isolated magnetic poles. 


8.3. MAGNETIC FIELD 


It has been seen that a magnet attracts 
pieces of iron or steel even when they are 
lying at a certain distance away from it. A 
compass needle also placed at such a point is 
influenced by the magnet, although nothing 
happens in the space between the magnet and 
the needle, A screen of wood, glass or and 
other non-magnetic material will not obstruct 
the working of the magnet. The influence is 
mysterious and similar to that of gravity. The 
whole space all around a magnet in which the in- 
fluence of the magnet (attraction, repulsion and 
induction) can be felt is known as the magne- 
tic field or the field of the magnet. The extent 
of this influence depends upon the strength of 
the magnet and the sensitiveness of the 
apparatus used for detecting this influence. The 
main property of a magnet by which we 
measure the extent of this influence at a given 
point is the force of attraction or repulsion 
experienced by another magnet placed there. 
As this force depends upon the pole strength of 
the magnet placed at the given point, it is 
customary to suppose that north-pole (hypothe- 
tical northpole) of unit strength is placed there. 
Hence we define the magnetic field intensity 
at a given point near a magnet as the force 
experienced by a hypothetical north pole of unit 
strength placed at that point (provided the 
presence of the pole does not disturb the field) ; 
the direction af this force gives the direction of 
the field. 

_ A hypothetical south pole will move ina 
direction opposite to that of the field. 


ees) 


8.4. MAGNETIC LINES OF FORCE 


Let us consider a point P in the field of the 
bar magnet NS (Fig. 8.8). Suppose a free and 
isolated north pole to be placed at this point. 
There are two forces acting on this isolated 
pole (i) a force of repulsion due to N—pole 
and acting along NP and (ii) a force of attract- 
ion due to S—pole and acting along PS. The 
resultant of these two forces will act along, 
say, PP’. If the free, isolated pole is now placed 
at R, there will again be two forces acting on 
it. These two forces differ in magnitude as 
well as in the direction from those acting at P 
and therefore their resultant will be acting in 
different direction, say RR’. Thus if a free and 
isolated north pole is placed in the field of a 
magnet, it will be moving along a curved path 


Fig. 8.8. 


starting from the N—pole and terminating at 
the S—pole of the magnet. The path (straight 
or curved) along which a free isolated north 
pole would travel ina magnetic field is called a 
magnetic line of force. 1t may also be defined 
as a curve, a tangent to which at any point gives 
the direction of the resultant field at that point. 
Generally we refer to an isolated north pole, 
but the path of an isolated south pole would 
be similar but in the opposite direction. The 
direction of the movement of a north pole is 
ae as the positive direction of the line of 
orce. è 


In practice it is not possible to obtain a 
single pole but we can use a smali compass 
needle for tracing the lines of forces, This 
needle will come to rest along a line of force. 
Instead of using a compass needle, it is much 
simpler to use iron filings to show the direction 
of lines of force. Fach small piece of iron 
-is magnetised by induction and behaves like a 
small magnet. 
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From each point of the north pole, one fine 
of force starts and passing through space it 
terminates on a corresponding fixed point on 
the south pole and from the south pole it 
travels through the body of the of the magnet 
and ultimately returns to the starting point on 
the north pole. 


Properties of Magnetic Lines of Force 


The following properties are attributed by 
Faraday to the magnetic lines of force : 


(i) They are closed curves. 


(ii) They start from the north pole and 
after travelling in air end on south pole and 
then continue through the body of the 
to the north pole again. Inside the Magnet t 
are known as lines of induction. 


(iii) They never intersect one another as, at 
one point (the point of intersection) there can- 
ag two directions of the resultant magnetic 

eld. 


(iv) They behave like stretched, elastic 
threads and tend to decrease in length (Longi- 
tudinal contraction). They repel each other 
sideways (Latera! repulsion). 


(») They start from a surface normally and 
also end at the surface normally, 


(vi) The lines of force are connected at the 
poles ; thus the number of these lines of force 
per unit area is a measure of the field intensity 
ata point in that area. When lines of force 
come closer together, it indicates a stronger 
magnetic field and vice-versa. 


(vii) There are no lines of force inside an 
iron ring as they tend to pass through iron 
rather than through air. 


While the magnetic lines of force may seem 
to the beginners to be quite imaginary, we shall 
find later on that they are very useful in 
explaining the various electrical and magnetic 
phenomena. 


Lines of force have no real existence, they 
are merely graphical representation of the 
magnitude and direction of magnetic force at 
any pointin the field These properties attri- 
buted to the lines of force can be utilized to 
explain ordinary phenomena like Induction, 
Attraction and Repulsion. 
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85, MAPPING THE MAGNETIC FIELDS 


Exhibiting the magnetic lines of force ina 
magnetic ficid is known as mapping of the 
field. There are two ways of mapping this field 
(i) by means of iron filings, (ii) by means of a 
small compass needle. 


(i) By Iron Filings. The iron filings 
method of mapping lines of force is a device by 
which we show the direction of the field, just 
as a chain hanging vertically indicated the 
direction in which the force of gravity acts. 


Place a thin glass sheet over a magnet and 
sprinkle small iron filings over it. On gently 
tapping the sheet it is found that iron filings 

. arrange themselves in beautiful curves. These 
curves represent lines of force in the plane of 
the glass sheet. The iron filings arrange them- 
selves in chains because each individual filing 
becomes a small magnet by the induction effect 
and arranges itself along a definite direction 
under the influence of the two poles of the 
magnet. Fig. 8.9 shows the lines of force 
between two dissimilar poles of two magnets. 


WES 


ARE So Ai 
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Fig. 8.9. 


(ii) By means of a Compass Needle. 
This method is much more sensitive and 
accurate than the previous method. A compass 
needle which consists of a very short and thin 
magnetised steel strip pivoted as its centre of 
gravity and enclosed in a glass casing is placed 
near one end (pole) of a bar magnet placed on 
a paper fixed on a wooden board. The two 
poles of the magnet exert forces an this needle 
and take up the direction of the resultant of 
these forces (Fig. 8.10). Two pencil marks are 
then made near the two ends of the needle. 
The compass is then moved towards the second 
pole so that the end of the needle which was 
close to the first point now lies over the second 
point i.e. the south pole occupies the position 

previously occupied by its north pole and mark 


the new position indicated by the north pole. 
Another mark is then made near the second 
end. This gives us the third point of the series. 
This process is continued till we reach the other 
pole (Fig. 8.10). A smooth curve passing 
through all these points gives us a magnetic line 
of force. By starting from different points we 
can out the whole of the field. 


A LINE OF 
PLOTTING "D.S FORCE 
COMPASSNEEDLE ê 

Fig. 8.10. 


It should be borne in mind that while tracing 
this field there should be no other magnet or 
magnetic substance lying near the magnet. 


Generally when we place a compass needle 
near a magnet, it is influenced by two magnetic — 
fields (i) due to the given magnet and (ii) due — 
to earth’s magnetism and hence the lines of 
force are due to the combined effect of the two 
fields. The field due to earth’s magnetism is 
fairly uniform but that due to the magnet goes 
on decreasing as we go away from the magnet. 
At points very near the magnet, the lines of 
force are mainly due to the influence of the 
magnet due to earth’s magnetism is compara- 
tively very weak. But at points at a certain 
distance away from the magnet, the lines of 
force are predominantly due to earth’s magnetic 
field. At point in between these two limits we 
have points in certain directions where the two 
fields are equal and opposite and thus cancel 
each other completely. Such points are known 
as Neutral Points. There is no resultant 
magnetic field at these points. A compass needle 
kept at such a point will experience no resultant 
force and will point in any direction. 


If the magnet is positioned so that its north 
pole is pointing in the direction of the magnetic 
north pole of the earth then the pattern in 
(Fig 8.11) results. If the magnet is now placed 
with the north seeking pole pointing to the 
magnetic south pole of the earth, the pattern 
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Fig. 8.11. Magnetic field round a bar magnet with its north pole pointing towards north. 
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Fig. 8.12. Magnetic field round a bar magnet with its south pole pointing north, 
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in (Fig. 8.12) results. In the first case the 
neutral points lie on the equatorial line of the 
magnet and in the second case the neutral 
points lie on the axial line of the magnet. 

If the compass is laid on a sheet of paper 
and the lines of force are plotted, the result will 
be a series of parallel lines running across the 
paper and these represent the lines of Earth’s 
magnetic field as shown in Fig. 8.13 and the 
earth’s field is uniform over this small region. 


PLOTTING COMPASS 
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LINES OF THE EARTH'S 
MAGNETIC FIELD 


Fig. 8.13. Earth's magnetic field. 
8.6. MAGNETIC EFFECT OF ELECTRIC 


CURRENT (OERSTED’S EXPERI- 
MENT). 
The first discovery of any connection 


between electricity and magnetism was made by 
Hans Christian Oersted (1777—1851), Danish 
Scientist in 1820. Often during his lectures, at 
the university of Copenhagen. Oersted had 
demonstrated the non-existence of a connection 
between electricity and magnetism. His usual 
custom was to place a current-carrying wire at 
right angles to and directly over compass needle 
show that there was no effect of one on the 
other. On one occasion at the end of his 
lecture, when several of the audience came up 
to meet him at the lecture room desk, he 
placed the wire parallel to the compass needle 
and not the least expecting it, saw the needle 
move to one side. Thus this great discovery 
was made quite by accident, but, such accidents 
come only to those who deserve them. Thus 
magnets are not the only sources of magnetic 
fields. Oersted discovered that a wire carrying 


current behaves like a magnet or a current in a 
wire was capable of generating a magnetic 
field. We now know from many other types of 
experiments that this is indeed the case. 
Further, more, there are indications that the 
magnetic field of a magnet may also be the 
result of the motion of charges. 


Oersted placed a compass needle NS Fig. 
8.14 on the table and held a wire PQ over this 
needle. On passing current in the wire found 
that 


(i) the N-pole is deflected towards the west 
when the current flows from S to N i.e. P to Q 
[Fig. 8.14 (a)]. 

(ii) the N-pole is deflected towards the east 
when the current is reversed [Fig. 8.14 (6)]. 

_ (iii) the deflection is reversed when the wire 
is placed below the needle. 

(iv) there is no deflection of the needle if 


there is no current flowing in the wire. 


(a) 


Fig. 8.14. The deflection of a magnetic needle 

under the influence of an electric current. 

It follows from this experiment that when- 
€ver current is passed through a conductor, it 
Produces a magnetic field around it. The 
direction of this magnetic field is given by 
Paes Swimming Man Rule stated 
elow : 


z= 


Fiz. 8.15. Swimming rule. 


“Suppose yourself to be swimming along 
the conductor carrying current, so that the 
current enters at your feet (Fig. 8.15) and leaves 
at your head and you are looking at the needle, 
the north pole of the needle will be deflected 
towards your left.” 


Ampere’s rule may be remembered by the 
word SNOW which means that if the currents 
flow from South to North and the wire is Over 
the needle, the north pole is deflected towards 
West. 


8.7. MAGNETIC FIELD DUE TO A 
STRAIGHT CONDUCTOR 
(ARAGO’S EXPERIMENT) 


Fig 8.16, The direction of the m ignetic field 
round a straight conductor carrying current. 


Arago took a card-board piece 4 BCD and 
fixed it horizontally and passed a thick copper 
wire PQ vertically through the board (Fig. 
8.16). A strong electric current was passed 
through this wire following from P to Q 
[Fig. 8.16(a)] and iron fillings were sprinkled 
on the card board and the card-board was then 
gently tapped. The fillings arranged themselves 
in concentric circles with their common centre 
at O where the wire passes through the card- 
board. These iron fillings atrange themselves 
along the magnetic lines of force round the 
conductor. The N-pole of a magnetic needle 
Placed any where near the conductor tends to 
move in the anticlockwise direction. 


If, however, the direction of the current is 
reversed [Fig. 8.16(6 ], the north pole begins to 
point in the clockwise direction. 


Right Hand Rule 


Arago’s experiment also cleatly shows that 
an electric current is always associated with a 
magnetic field. The direction of this field is 
given by Right Haad Rule stated below : 


“Hold the thumb of your right-hand at right 
angles to the fingers. Grasp the wire carrying 
current in the right hand so that the thumb 
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Fig. 8.17. Right hand rule for determing 
the direction of the field round a con- 
ductor carrying current, 
points along the wire in the direction of the 
current ; the fingers will then point in the direc- 
tion of the magnetic field j.e., in the direction 
in which the north pole will be deflected.” 


(Fig. 8.17). 
t 


- 


~ = 


Fig. 8.8. Cork screw Rule. 


The direction of the field around a conduc- 
tor can also be determined with the help of the 
Cork-Screw rule in the following way. 


“Imagine an ordinary right hand cork screw 
to be lying with its direction coinciding with the 
conductor carrying current and to be twisted so 
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that it travels in the direction of the current, 
then the direction in which the thumb rotates 
gives the direction of the lines of force 
(Fig. 8.18) i.e., the direction in which the north 
pole tends to move round the wire. 


+ 

The magnitude of the magnetic field B pro- 
duced in vacuum at a distance r from an 
infinitely long straight conductor carrying a 
current Tis given by 


«when the current J is expressed in ampere and 
the distance r in metre, the magnetic field B is 
in tesla (symbol T). Here pois the permeabi- 
lity of vacuum and is exactly equal to 
4% 1077 Tm/A. 


2.8. FIELD PATTERN DUE TO A 
CIRCULAR-COIL CARRYING 
CURRENT 


Take a sheet of carboard ABCD and make 
two holes (P and Q) in it a little apart from 
each other. Pass a thick stout copper wire 
through these holes bent in the forms of a 
circular loop as shown in Fig. 8.19. Hold 
the carboard horizontally, so that the coil is in 
the vertical plane and sprinkle iron fillings upon 
it. Passa strong current through the copper 
wire and tap the sheet a little. The iron fillings 
are seen to adjust themselves along the direc- 
tions of the magnetic field due to the current 
in the coil. At points where the wire passes 
through the sheet, the lines of force are almost 
circular, their direction being given by the right 
hand rule. 


Fig. 8.19. The magnetic field round a 
circular coil of wire 


It will be noted that the field at the centre 
of the circular coil is always from the observer 
and perpendicular to the plane of the coil. The 
lines of force at the centre are parctically 
straight showing that the magnetic field due to 
the current in the coil is parctically uniform. If 
the current is reversed i.e., anticlockwise, the 
field will be towards the observer. 


With the help of clock rule the polarity of 
any face of the coil can be determined. If the 
current round any face of the coil flows in an 
anti-clockwise direction, it behaves like a north 
pole. Similarly, if the current flows in the 
geese direction, the face acts like a south 
pole. 


The field (B) produced at the centre of the 
circular coil of radius r and carrying current J 
is given by 


If there are n turns of the coil then, 


— "mol 
Be 2r 


8.9. MAGNETIC FIELD DUE TO A 
SOLENOID 


A long coil of wire is called a solenoid. The 
magnetic field due to current flowing in a 
Solenoid is shown in Fig. 8.20. 


It is even more obvious here that the field 
is identical with that of a bar magnet. Such a 
solenoid (when a current is flowing through it), 
if suspended freely, will set itself along N and 
S like a compass needle. The ends of the 
current-bearing solenoid are attracted or 
repelled by a bar magnet. 


An important difference between a current 
bearing solenoid and a bar magnet is that the 
solenoid is hollow and has an intense magnetic 
field along its axis, while a magnet is solid. It 
should be noted that in Fig. 8.20 the lines of 
force inside the solenoid run for the end of 
south polarity to the end of north polarity. The 
positive direction of the magnetic field inside a 
solenoid is from the south end of the north 
end. 


Students Activity : 


Arrange the device as shown in Fig. 8.21. 


Fig. 8 20. Field duc to a Solenoid. 


Here the turns of the solenoid are passed 
through the top of the cardboard table. 


BATTERY 


Fig. 8.21 

Spread some iron fillings on the cardboard. 
Connect the solenoid to the battery of dry cells 
and tap the table gently. What do you observe? 
How do the iron fillings arrange inside the 
solenoid ? What does the distribution of 
magnetic lines of force demonstrate ? 

Determine the poles of the coil with the 
help of a magnetized needle. From which pole 
do the magnetic lines of force emerge ? 


Magnetizing Action of a Solenoid 


If a bar of iron is placed inside a solenoid 
carrying a strong current it becomes magnetized. 
The end of the bar at the end of north polarity 
of the solenoid acquires a North pole and the 
other end a South pole. This is a much 
quicker and more effective method of magnetiz- 
ing than stroking with a bar magnet. The 
direction of magnetization clearly depends on 
the direction of the current and the way the 
solenoid is wound (Fig. 8.22). 


Fig. 8.22 


To sum up the properties of a current- 
carrying solenoid. 


(i) Outside it resembles a bar magnet, 
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(ii) Inside it has a strong magnetic field 
from south end to north end; hence it is 
valuable for magnetizing. 


The Electromagnet : 


We have seen that a solenoid carring a 
current behaves like a magnet. If a bar of iron 
is inserted in the solenoid, the strength of the 
magnet is much increased, since the lines of 
force due to the magnetized iron are added to 
those due to the current in the solenoid. Such 
an arrangement (i.e., solenoid with an iron 
core) is called an electromagnet. It was 
invented by Sturgeon in 1825. 


The strength of the magnet is proportional 
to the product of the strength of the current in 
amperes and the number of turns per centi- 
meter. This product is often called the ampere- 
turns, If many turns of wire are used, weak 
current will produce as strong a magnet as @ 
stronger current flowing through fewer turns. 


When we compare the effectiveness of steel 
and soft iron core in an electromagnent, we see 
that the field is stronger in the case of iron 
core. But steel retains a small amount of 
vo) jae even when the current has ceased 
to flow in the coil of the electromagnet, where- 
as in the case of soft iron core the magnetism 
disappears altogether as soon as the current 
ceases to flow in the coil of the electromagnet. 


Make a coil of 30 turns of an insulated 
copper wire around a large iron nail. This will 
be our electromagnet. Connect the ends of the 
electromagnet to a storage battery through an 
ammeter and a rheostat as shown in Fig. 8.23. 
Bring some paper clips near one end of the 
electromagnet. Switch on the current and 
adjust it to a strength of 1 amphere with the 
help of the rheostat. What do you observe ? 
Count the number of paper clips attracted to 
the end of the electromagnet. 


ELECTROMAGNET 
AMMETER 
+ zi 
A 
PAPER 
CLIPS 
HE 
E K  RHEOSTAT 
Fig. 8.23 


Repeat the experiment with a coil of 60 
turns of the same copper wire over the same 
nail. Adjust the current to 1 ampere and find 
out how many of the clips are attracted this 
time ? 

Do we conclude that the strength of the 
magnetic field of the electromagnet increases 
with the increase in the number of turns of the 
coil provided the current is kept constant ? 

Now repeat the experiment with an electro- 
magnet of 30 turns. Adjust the strength of the 
current to 2 amperes. Find out the number of 
clips attracted to the electromagnet. What do 
you conclude ? 


Uses of the electromagnet 
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Fig. 8.24 


Electromagnets have different shapes 
depending on their purpose Fig. 8.24 shows a 
horse-shoe electromagnet holding a weight 
suspended from it. The horse-shoe eleetro- 
magnet possesses more lifting force than a bar 
electromagnet because it attracts by its two 
poles simultaneously. Electromagnets are used 
for lifting heavy masses of iron and steel such 
as girders, scrap iron, or a cargo of nails, for 
separating iron and copper scraps for picking 
oui tins and iron from a city’s refuse, and in 
hospitals, for drawing out pieces of iron lodged 
in the human eye. 


Electromagnets are also used when iron 
ore is to be separated from rocks in iron ore 
mines (Fig. 8.25). 


Tramcears are fitted with a slipper electro- 
magnetic brake. The slipper consists of an 
iron block carried just above the rail; the 
upper part of the block is wound as an electro- 
magnet. When the current is switched on, the 
block is attracted to the rail and acts as a very 
efficient brake. 


Fig. 8.25 


Lamps are made with an electromagnet in 
the base which clings to iron when the lamp is 
switched on. 

Other most useful applications of electro- 
magnets are : 

(i) The electric bell (ii) Electric Telegraph 
(iii) Telephone (iv) Dynamos or generators (v) 
Electric moto? <71) Microphone, etc. 
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8.10. FORCE ON A CURRENT-CARRY- 
ING CONDUCTOR IN A MAGNETIC 
FIELD (FLEMING’S LEFT HAND 
RULE) 


We have seen that when a magnetic needle 
is placed near a wire carrying a steady electric 
current, the magnetic needie experiences forces 
tending to move its poles in directions perpendi- 
cular to the wire. In accordance with the princi- 
ple of action and reaction, one would expect 
that there would be equal and opposite forces 
exerted on the wire carrying the current. For 
this, let us do the following activity. 


Loosely support along thick copper wire 
from a copper wire loop (Fig. 8.26) so that it 


Fig. 8.26. 


hangs vertically between the poles of a horse- 
shoe magnet, with its lower end just dipping 
into mercury held ina small metal cup. Con- 
nect the mercury in the cup and the copper 
loop through a tapping key to a dry cell. Close 
the key and observe the action on the condu- 
ctor. 


You will see that the wire is observed to 
move in a direction at right angles to the 
magnetic lines of force of the magnetic field 
between the poles of the horse-shoe magnet, 
This indicates that a force acts upon a current- 
bearing conductor placed in a magnetic field, 
Now change the direction of the current flow 
in the conductor and observe the effect in the 
conductor. This time the copper wire is 
found to move in the opposite direction. 


262 


Now turn the horse-shoe magnet by 180° 
keeping the copper wire in-between the poles of 
the magnet i.e. interchange the positions of 
North and South poles of the magnet and 
thereby change the direction of the lines of 
force of the magnetic field. Now switch on the 
current in the copper wire and observe the 
effect on it. You will find it to be deflected in 
in a direction opposite to the previous one 
(Fig. 8.27). 


CURRENT 


Fig. 8.27 
So we conclude that the direction of the 
mechanical force upon the current-bearing 
conductor placed in a magnetic field depends 
upon : 
(i) the direction of ihe flow of current in 
the conductor ; and 


(ii) the direction of the magnetic field, 

From experiments it has been found that 
the direction of this mechanical force is perpen- 
dicular to both, the direction of the magnetic 
field and the direction of the current in the 
conductor. 

The magnitude of the mechanical force (F) 
experienced by the wire proportional to the 
current (J) it carries and also the length (/) of 
the wire that is in the magnetic field i e. 


Fall 


or | F=B.1 1| 


we 
where B is a constant of proportionally and is 
known as the magnetic field. It is a vector 
quantity. 


In the SI units, F is measured in newton, 
Jin ampere and lin metre. Thus B-E is 
measured in newton per ampere-metre, This 
unit, newton per ampere-metre, is called tesla 
(T). A smaller unit to measure magnetic field 
is gauss because tesla is a fairly big unit. 


1 gauss=1074 tesla 


Magnetic field of the earth near the surface is 
about 0'3 gauss. 


Flieming’s Left Hand Rule is a conve- 
nient rule for helping to remember which way 
the current-carrying conductor in a magnetic 
field would move. 

The thumb, and first finger and middle 
finger of the left hand are held mutually at 
right angles to each other (Fig. 8.28). Then the 
direction of 


(a) the Field is represented by the first 
finger. 

(b) the Current is represented by the 
middle-finger, and 


(c) the Motion of the conductor is represen- 
ted by the thumb. 


{onion 


anal 


Fig, 8.28 


Earlier we have studied that an electric 
current is just a flow of charges. Thus, moving 
charges in free space, like currents in a wire, 
also experience force ina magnetic field. The 
direction of the force on a moving positive 
charge is exactly the same as that of a current 
and is given by Flemings left-hand rule. In 
the case of a moving negatively charged particle 
the direction of the force is opposite to that on 
similarly moving positive charge. On account of 
this force, if a moving charged particle enters a 
magnetic field which is perpendicular to its 
motion, it experiences a force perpendicular to 
both, its velocity and the field. Hence it is 
deflected from its straight line path. If the 
field is uniform and the particles move ina 
plane normal to it, then they will move ina 
circle ; the radius of the circle being larger for 
higher energies. Charged particles can thus get 
trapped inside a magnetic field. 


One of the exciting discoveries related to 
the deflection of charged particles by a magne- 
tic field was the so called Van Allen radiation 
belt. This discovery was made possible by 
using unmanned satellites. This belt is a Vast 
Zone of trapped charges encircling the earth 
above the equatorial regions. The charged 
particles are derived mostly from the sun and 
are trapped by the magnetic field of the earth. 

The effect of a magnetic field on moving 
charges has been used in television, oscillos- 
copes and also in machines which are used to 
accelerate charged particles used for scientific 
research, One such machine, called a variable 
energy cyclotron is being put up in Calcutta. , 
8.11. INTERACTION BETWEEN TWO 

CURRENT CARRYING STRAIGHT 
CONDUCTORS—UNIT OF 
CURRENT—ampere 

We have studied earlier that a wire of length 
L carrying a current J experiences a force 
F=BIL when placed perpendicular to a mag- 
netic field B. 

If we consider two long parallel straight 
wires P and Q through which the same current 
I flows [Fig. 8.29 (a)], the wires will experience 
forces because each is in the magnetic field of 
the other. When the separation of the wires is 
r, the magnetic field (B) experienced by the 
wire Q because of the current 7 in the wire P, is 
merely - 


— +0! | where pp=4r X107 Tma! 
r 
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MAGNETIC 
FIELD 
{$ 
eid 
Fig. 8.29 Two long, paralle! straight wires carrying 
current. 


The field will be perpendicular to the wire 
Q and so the force on a length L of the wire 
Q will be 


Since the force on unit length of the wire, 
F/L, can be measured, together with the 
separation of the wires, r, the current I can be 
evaluated in terms of known quantities. When 
F is measured in newton and when po is given 
the value 4x10"? newton—sec?/coul? (or 
TmA-1), the current is in the unit we define to 
to be the ampere. Hence the ampere is defined 
directly in terms of force and length, both 
fundamental units. 


When I=1 ampere ; L=1 metre 
and r=| metre 
then 
-7 2 
F= PTRS AUN =2x1077 newton 


2nX1 


This is the basis of the definition of ampere 
in SI system. 


“The ampere is the strength of that steady 
current which when flowing in two parallel in- 
finitely long conductors of negligible cross 
section placed in vacuum at a distance of one 
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metre from each other, produces between those 
two conductors a force of 2X 1077 newton per 
meire length.” 


Since currents are associated with magnetic 
fields, it follows that two current-carrying wires 
should exert force on each other. Consider two 
long parallel wires P and Q that carry currents 
Iland Jz (measured in ampere), respectively 
[Fig. 8.29 (b)]. Current h has a magnetic field 
associated with it. According to Fleming’s 
left-hand rule, the wire Q in the magnetic field 
of P, experiences a force(F) all along its length 
(L) directed towards the wire P. We could 
equally start by first considering the wire Q. 
This would also lead to the conclusion that the 
wire P experiences a force directed toward the 
wire Q. Thus the two wires P and Q, experience 
a force of attraction. If the current in any one 
of the wires is reversed, they repel each other. 


P Q 
A 4 
l 
! Fees | 
| 
| f lz | 

1 
L L 
| | 
| ie | 
| l 
l | 
X v 

k— i—i 


Fig. 8.29 tb) Attraction 
We thus note that wo parallel wires having 
currents in the same direction attract each 
other, where as two parllel wires having currents 
in opposite directions repel each other. 
If r is the distance between the two wires 
Pand Q, the magnetic field of wire P at wire 


Qis 
2nr 
Hence the force experienced by a lengt’ - 
of Q is 


po Tye. L 


oil 2r r 


812. GALVANOMETER. 


The existence of an electric current ina 
conductor can be depicted by its magnetic 
effect, Instruments in which magnetic effect 
is used for measuring the current by the intera- 
ction of a magnet and a coil, through which 
the current passes, are known as galyanometers. 


There are two types of galvanometers ; (i) 
the moving magnet galvanometer in which the 
coil is fixed and the magnet moves and (ii) the 
moying coil galvanometer in which the magnet 
is fixed and the coil moves. The moving 
magnet galvanometer is neither very suitable 
nor sufficiently sensitive for common use 
in the laboratory. What we commonly 
use in the laboratory and in our daily life is 
the moving coil galvanometer, Its design was 
invented by D’ Arsonval and therefore, it is 
sometimes named as D’ Arsonval Type Galva- 
nometer. 


A simple type of a moving coil galvano- 
meter is shown in Fig. 8.30. It consists of a 
coil ABCD of a number of turns of fine insula- 
ted wire wound on a rectangular metal frame. 
It is suspended by a phosphor-bronze (an alloy 
of brass and phosphorus) strip attached to 
the torsion head at the top and lies between the 
concave poles of a strong cobalt-steel horse- 
shoe magnet. The suspending strip is a good 
conductor of electricity and thus leads the 
the current into the coil. At the lower end, the 
coil is attached to a spring of phosphor-bronze 
and thus the coil is firmly kept in position, 
such that the plane of the coil is parallel to the 
magnetic lines of the force of the horse shoe 
magnent. A cylindrical piece of soft-iron is 
fixed at the centre of the coil. As magnetic 
lines of force prefer to travel in iron rather than 
in air, the core helps to concentrate the lines 
of force into the coil or produce a strong 
magnetic field round it. A mirror (N) is 
attached at the lower end of the phosphor- 
bronze suspension strip to provide for the 
mirror and scale or the lamp and scale device 
of making the instrument very sensitive. The 
ends of the coil are connected to terminals Tı 
and Tə. The magnent and the coil along with 
the suspension strip and the spring are enclosed 
in a box with a glass plate as its front face. 


Since the soft core helps to concentrate the 
magnetic field so that the directions of the 
magnetic lines of force in a small air gap 
between the pole pieces and the core almost 
coincide with the radii of the cylindrical pole 


a 
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Fig 8.30. Moving coil galvanometer. 


pieces (Fig 8.31). Such a field is called a radial 
field. In such a field. the plane of the coil 
in all its positions is always parallel to the 
magnetic field. 


The principle on which a moving coil 
galvanometer works is based on the fact that 
when a conductor carrying current is placed in 
a magnetic field, it experiences a force perpen- 
dicular to both, the current and the field and 
hence is pushed in a direction given by Flem- 
ing’s Left Hand Rule. 


If the current flows downwards through the 
left-hand branch AE of the coil, by Fleming’s 
Left Hand Rule, this part of the coil would 
come out of the paper and the right hand side 
limb CB will go into the paper (Fig. 8.32). As 
these two forces acting on the limbs are 
parallel, equal and opposite in direction, they 
constitute a couple which would tend to rotate 
the coil. It is called the deflecting couple. As 
the deflecting couple rotates the coil, an elastic 
force due to twisting of the suspension strip 
comes into play and this opposes the deflecting 
couple according to Newton’s third law motion, 
and tries to bring the coil back to its original 
position. It is called the restoring couple. The 
elastic force goes on increasing with the angle 
of deflection of the coil. Ata position where 
the two couples become equal the coil comes 
into equilibrium. The greater the deflecting 
couple the greater is the angular deflection 
of the coil when it comes into equilibrium. 


This instrument can be so constructed that 
if the poles of the magnent are made concave, 


lines of force will be along the radii every 
where and the deflecting couple would be 
maxium in all positions of the coil and would 
give us a bigger deflection of the coil for the 
same magnitude of current. 


Ei b—» C 
Fig. 8.32. 
_ The expression for the value of the current 
in terms of the deflection of the coil is deve- 
loped as shown below 
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Let J=length of the vertical banch of the 
coil 
b=the mean width of the cou 
n=the number of turns of the coil 
I=current flowing in the coil 
B=the magnetic field 
The deflecting force on each of the vertical 
branches 
=F=BI11 
The moment of the couple set up by these 
forces 
=B.llxb= BIA where 4 is the area 
of the coil 
For n turns of the coii, total moment of 
the deflecting couple 
+ =BLAn 
Now if T denotes the moment of the 
restoring couple for unit angle of twist and 0 
is the angle through which the coil is deflected, 
the moment of the restoring couple 
“=T0 
Equating these two couples, we have, in 
the equilibrium position of the coil 
B.LAn=T0 
= AT 6 
B.A.n 


or I =k0 where k= 


metre constant 


or I 


T is a galvano- 
B.An 


To 6 


Thus the current is proportional to the 
angle of deflection of the coil and hence we 
can have a linear scale i.e. we can have equally 
spaced graduations on the scale. 


Sensitiveness of the galvanometer 
means that for a small value of the current I, 
the deflection 6 should te large or the term 


should be small. 


T 
B,A.n 


This is achieved by : 
(i) increasing A, the area of the coil, 


(ii) increasing B, the field due to the 
magnet, 


(iii) increasing n, the number of turns of 
the coil, or 


(iv) by decreasing T, the moment of the 
torsion or restoring couple per unit angle of 
deflection. 


It is not very profitable to increase the 
area by increasing the width of the coil as that 
would decrease the magnetic field in which the 
coil is placed. Therefore, increasing the area 
by increasing the length is more useful. 


The magnetic field B can be increased by 
using strong poles of the magnet or having a 
narrow air gap between the poles. 


Increasing n, the number of turns in the 
coil would increase the resistance of the coil; 
hence the current will decrease still further. 


The moment of the twisting couple per unit 
angle deflection is decreased by selecting a 
suitable material for the suspension wire. 
Phosphor Deore is very useful from that point 
of view. 


Advantages of Moving coil Galvanometer 


(1) It can be placed in any position and 
its readings are not influenced by the ecarth’s 
magnetic field. 


(2) The magnetic field in which the coil is 
suspended is so strong that any external mag- 
netic influence would not affect its working. 


(3) It can measure currents upto 10-® 
ampere and hence it is very sensitive. 


(4) It can be converted into an ammeter or 
voltmeter very easily. 


(5) With a suitable modification it can ve 
used to measure electric charge. Such a 
modified galvanometer is known as a Ballistic 
Galvanometer. 


(6) It can be easily made dead beat ie. the 
coil does not swing from side to side but comes 
to rest quickly and hence it gives the current 
more readily. 


3 (7) In this galvanometer, the current is 
directly proportional to the angle of deflection 
and therefore the scale can be graduated to 
read the current directly. 


Weston or Pivoted Moving Coil Galvano- 
meter 


The D’ Arsonval moving coil galvanometer 
described above requires adjustment and hand- 


ling. In order that it should be sensitive, the 
deflection is read by lamp and scale arrange- 
ment. Dr. Weston made an improvement 
because of which it can be easily portable and 
also it becomes more robust. This modified 
type of galvanometer is known as Weston 
moving coil pointer-type galvanometer as the 
deflection can be directly read by the move- 
ment of a pointer on a graduate scale. 


SCALE 


wee 5 10 a, 


POINTER 


15 D 


UPPER .CONTROL 
SPRING 


SPINDLE 


HORSE SHOE 
MAGNET 


SOFT IRON CORE 


LOWER 
CONTROL 
SPRING 


JEWEL T 


Fig. 8.33. Weston type moving coil galvano- 
meter. 


This type of galvanometer is shown in 
Fig. 8.33. A coil of a wire is provided with 
two sharp pointed rods. The axis of the two 
rods passes through the centre of gravity of the 
coil. These sharp points are held between two 
jewel bearings between the poles of a perma- 
nent horse shoe-magnet. It becomes a magnet 
whenever current passes through it. Thus this 
instrument has two magnets: a permanent 
hosse-shoe magnet, in a fixed position, and an 
electromagnet, free to turn on its axis. Electric 
connections to the coil are made through two 
control springs, which hold it so that the 
pointer attached to the coil shows a zero 
reading when no current is present. In such a 
galvanometer, the zero position is often located 
at the mid-point of the scale. 


When there is a current in the movable 
coil, as the core is magnetized ; a couple 
acts upon the coil which rotates the coil. As 
the coil rotates, it does work against the two 
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control springs. Its final position is reached 
when the couple acting on it just neutralized 
by the reaction of the springs. When the coil 
reaches its equilibrium position, these two 
opposing couples are equal, and deflection 
angle of the coil is therefore, proportional to 
the current in it. 


The scale of the coil is marked at intervals 
on either side of the zero centre. Readings 
are read on this scale by means of a small, 
light weight pointer attached to the coil. 


8.13. AMMETER (USE OF A GALVANO- 
METER AS AMMETER) 


Ammeter is a short name for ampere-meter 
which means an instrument designed to 
measure the current (flowing in a circuit) 
directly in amperes. As the current in the 
circuit is same every-where, an ammeter may 


Fig. 8.34. 


be placed anywhere in the circuit im series 
with it. Now in order that its insertion in the 
circuit may not affect the current flowing there, 
an ammeter must be a low resistance instru- 
ment, 


An ammeter is a modified galvanometer 
(Fig. 8.34). If it is to be a very sensitive 
ammeter, it may be a galvanometer without 
any modification, However, most galvano- 


meters will give full scale deflection for a few 
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GALVANOMETER 


Fig. 8.35. Construct on of an ammeter, 


milliamperes or less, and so they cannot be 
used directly to measure currents larger than 
this. In order to make the desired ammeter 
from this galvanometer, we must find some 
way. This may be done by the meter design 
shown in Fig. 8.35. The actual galvanometer 
is shown as the central circular device having 
resistance Rọ: The resistance of the galvano- 
meter is decreased by putting a small resistance 
Rs known as shunt, in purallel with the galva- 
nometer. The value of the shunt resistance 
depends upon the range of the instrument. 
The scale of the modified galvanometer 
(ammeter) is graduated directly in amperes, 
with its zero at one end. 


The ammeter must always be connected so 
that the current may enter it at the terminal 
marked-+ otherwise the pointer will tend to 
be deflected in the opposite direction beyond 


+ 


Fig. 8.36. 


the zero of the scale, and thus may get bent or 
broken. Fig. 8.36 represents the symbol for 
an ammeter. Fig. 837 represents the cir- 
cuit in which the current is to be measured 
and Fig. 8.38 represents how ammeter is 
connected in series in the circuit. 


We can calculate the required resistance of 
the shunt (Rs), if we apply the rules for a para- 


BATTERY 


Fig. 8 37. 
BATTERY 


Fig. 8.38. 


llel circuit. The shunt is parallel with the 

galvanometer resistance (R) and therefore 

the voltage drops are equal (Fig, 8.35). 
I,R:=1,R, 


where  I,=current through the shunt 


/,=current through the galvano- 
meter for full scale deflection. 


and 


If the galvanometer has a resistance (Ry) 
of 100 ohms and gives full scale deflection for 
10 milliamperes, we can, for example, convert 
it toa O—1 amperemeter, that is, a meter that 
gives full scale deflection for 1 ampere. Note, 
that at full scale deflection, the current through 
the galvanometer (J,) is 10 milliamperes or 
0:0! ampere. The other 0:99 ampere (/;) must 
then go through the shunt (Fig. 8.39). 


$ IR:=1,R, 
“0:99 Rs=0°01 x 100 
0:01 x 100. 
0:99 
=1 ohm (approximately) 


Notice that the shunt resistor is extremely 
small. Often it is just a piece of copper wire. 


R= 


In this manner, we can calculate the shunt 
required for increasiug the current range of the 


Ig «0.01 
ampere 


SHUNT 
(Rs = 1 ohm) 


Fig. 8.39 


galvanometer to any desired value. Fre- 
quently one encounters ammeters having more 
than one range. These meters contain several 
alternate shunts. The Sensitivity of. the meter 
is determined by which shunt is connected 
across the meter terminals. 


8.14. VOLTMETER (USE OF A GAL- 
VANOMETER AS A VOLTMETER) 


A voltmeter (Fig. 8.40) is an instrument 
used for measuring potential difference. As 
Potential difference is directly proportional to 
the current, and the current is directly pro- 
Portional to the angle of deflection, therefore a 
galvanometer can be graduated so as to give 
the readings of the potential difference directly 
from the scale. In order that the voltmeter 
should measure the potential difference bet- 
ween any two points (say P and Q), it must be 
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Fig. 8.40. 


placea in parallel with the circuit (Fig. 8.42). 
As its insertion should not affect the current 


GALVANOMETER 


(Y) YOLSIS3Y HOIH 


Fig. 8.41. 


flowing in the circuit, it must be a high resis- 
tance galvanometer, so that a very small 
fraction of the current in the main circuit may 
flow in the instrument. The resistance of the 
galvanometer is increased by putting a high 
resistance in series as shown in Fig. 8.41, 


210 


BATTERY 


is H EN, 


RHEOSTAT 


Q 


VOLTMETER 


Fig. 8.42. Voltmeter is connected in parallel 
with the load. 
Let R,=Resistance of the galvanometer 
which is to be converted into a 
voltmeter of range V volts. 


J,=Maximum current passing 
through the galvanometer so as 
to give full-scale deflection. 


R=Resistance connected in series 
with the coil of the galvanometer 
as shown in Fig. 8.41. 


then, according to Ohm’s Law, 


14 
"RR, 
** current= Pigs: 
( ; eni = Resistance 


V 
or R+Ry=—— 
g 
‘ y 
or High Resistance= Ras —R, 
g 


Suppose, the resistance of the galvanometer 
coil (R,) is 10 ohms and a current of 0'001 
ampere gives a full scale deflection, then 
according to Ohm’s Law, potential difference 


(V)=DRo 
=0°001 x10 
=0°01 volt 


Such a galvanometer can measure voltage 
only upto 0:01 volt or 10 mV. In order to 
convert this galvanometer to measure voltage 
upto say 100 volt, we must add a high resis- 
tance R in series with its coil (Fig. 8.43) such 
that 


100 
R+10 
100 
or R+10= 07 
=100000 Ohm 


or High Resistance= R=100000— 10 
or R=99990 ohm. 


Thus a high resistance of 99990 ohm in 
series with the coil of the galvanometer is 
required to convert it into a voltmeter of 
0— 100 V range. 


v:001= 


Le a e a. oe 


1g 
= 0001 
ampere 


R= 9990 ohm 
Rg=10 ohms | 


Fig. 8.43 


“Oy 


Fig. 8.44 


Fig. 8.44 represents a symbol for a volt- 
meter. The pointer moves over a circular scale 
graduated directly in volts (Fig. 8.40), The 
voltmeter must be so connected that the current 
enters at the terminal marked +. 


8.15. ELECTROMAGNETIC INDUCTION 


In 1819 Oersted discovered that an electric 
current produces a magnetic field in the space 
around it. Efforts started immediately to 
produce an electric current with a magnetic 
field. In 1831 this was finally achieved inde- 
pendently by Micheal Faraday in England and 
by Joseph Henry in the United States, Faraday 
proved beyond any doubt that an electric 
current can be induced in a closed circuit by 
varying the magnetic field intensity or the 
number of magnetic lines of force passing 
through the circuit. The change of magnetic 
lines of force can be produced by a relative 
motion between the circuit and a magnetic field 


produced either by a magnet of by another 
circuit or conductor carrying an electric current. 
This phenomenon of production of an electric 
current in a circuit by the help of a magnetic 
field is called electromagnetic induction. 


The current produced in this way is called 
induced current. In its nature it is no dife- 
rent from other electric currents. The electro- 
motive force (em/f.) or potential difference 
producing such current is known as induced 
e.m.f. (or induced potential difference). 


The number of magnetic lines of force (or 
magnetic flux) through a closed circuit may be 
changed by one of the following ways : 

l. by moving a magoet in the vicinity of 
the circuit, 

2. by changing a current flowing in a 
circuit lying near the given circuit, 

3. by varying the distance of the given 
circuit from another circuit carrying current. 

4. by changing the current in the circuit 
itself, and 

5. by moving the circuit itself in 
magnetic field. 

We shall examine some of Faraday’s 


experiments to understand their significance. 
Suppose we connect a sensitive galvanometer 


the 
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in a closed conducting loop as shown in 
Fig. 8.45. A segment of the conductor is 
poised in the field flux (magnetic lines of 
force) of a strong magnet. In Fig. 8.45 (A), 
as the conductor is moved down between the 
poles of the magnet, there is a momentary 
deflection of the galvanometer needle, indicating 
an induced current. The needle shows no deflec- 
tion when the conductor is stationary in the 
magnetic lines of force, This leads to the obser- 
vation that the induced current is related to the 
motion of the conductor in the magnetic lines 
of force (or the magnetic flux). 


Raising the conductor between the poles of 
the magnet, as in Fig. 8.45 (8), results in 
another momentary deflection of the galvano- 
meter needle, this time in the opposite direction. 
This leads to the observation that the direction 
of the induced current in the conductor is 
related to the direction of motion of the con- 
ductor in the magnetic field. The e.m.f. 
(potential difference) induced in the conductor 
is of opposite polarity to that in the first 
experiment. 


Faraday found that he could induce an 
em f. in a conductor either by moving the 
conductor through a stationary magnetic field 
or by moving the magnetic field near a 
stationary conductor. He observed that the 
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Fig. 8.46 


direction of the induced current in the con- 
ducting loop is reversed with a change in either 
the direction of motion or the direction of the 
magnetic field 


Support the conducting loop of (Fig. 8.45) 
in a fixed position and lift the magnet. 
It results in a deflection similar to that of 
Fig. 8.45(A). When the magnet is lowered 
the galvanometer needle is momentarily deffect- 
edas in Fig 8.45 (B). The relative motion 
between the conductor and the magnetic field 
is the same whether the conductor is raised 
through the stationary magnetic field or the 
magnetic field is lowered past the stationary 
conductor. 


So far we have considered the relative 
motion of the conductor to be essentially per- 
pendicular to the magnetic lines of force 
(magnetic flux). If the conductor is moved in 
the magnetic field parallel with the magnetic 


CONDUCTOR 
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Fig. 8.47 


lines of force, no e.m.f. is induced and no 
deflection is observed on the galvanometer. 
See Fig. 8.46. 


Suppose the conductor is looped so that 
several turns are poised in the magnetic field 
as in Fig. 8.47. When the coil is moved 
down between the poles of the magnet as 
before, there is a greater deflection in the 
galvanometer. By increasing the rate of motion 
of the coil across the magnetic lines of force, 
greater deflections are produced. 


The reason for the generation of the induced 
current is very simple. When a charge moves 
at right angles to a magnetic field, the field 
exerts a force on the charge which is perpen- 
dicular to this motion as well as to the field. 
Now, when we move the conductor across a 
magnetic field, we are really moving the elec- 
trons and other particles in the conductor 
across the magnetic field’ The magnetic field 
will exert a force on these charges, and some 
of these electrons are free to move in the 
direction of the force. This results in the 
induced current, if the conductor is part of a 
complete circuit. If the conductor is not part 
of a complete circuit, excess electrons pile up 
at one end of the conductor, making it nega- 
tive. The other end will have a deficiency of 
electrops and be positive. 


_ The direction of the induced current is 
given by Fleming's right-hand rule (Fig. 8.48) 
which is stated below : 


Stretch the thumb, the fore-finger and the 
central finger of the right-hand mutually per- 
pendicular ‘to one another. If the thumb 
represents the direction of motion of the con- 
ductor, the fore-finger represents the direction 


of the magnetic field, then the central finger 
points in the direction in which current is 
induced in the circuit. 


Fig, 8.48 


Modern technology is largely dependent on 
the production and distribution of inexpen- 
sive electric power. These accomplishments 
were made feasible by the discoveries of 
Faraday which led to the invention of electric 
generators and transformers, 


8.16. ELECTRIC GENERATOR (OR 
DYNAMO) 


The induced current observed in the experi- 
ment in Art. 8,15 is usually very small. But 
one can construct devices to produce large 
currents for use in industry and homes. Such 
devices are called electric generators. A small 
generator used with a bicycle and other vehicles 
is popularly known as dynamo. 


An electric generator (or dynamo) is, thus, 
a machine used for generating electric current 
by mechanical means, or a machine in which 
mechanical energy is changed into electrical 
energy. lt works on the principle of electro- 
magnetic induction i.e. whenever the number 
of magnetic lines of force passing through a 
conductor (a wire or a rod) is varied, an emf 
(or current) is induced init. The strength of 
the emf (or current) produced is directly pro- 
portional to the strength of the magnetic field 
and the speed with which the conductor moves. 
The direction of the induced current is given 
by Fleming's right hand rule (Art 8.15). 


When the electric current produced bya 
dynamo or an electric generator changes its 
direction of flow continuously and periodically 
in a circuit several times in a second, the current 
is known as an alternating current (A.C.) and 
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the machine that produces it is known as an 
alternating currént generator (A.C Generator) 
or A.C. Dynamo. An alternating current is 
shown graphically as in Fig. 8.49 (i). When 


(ALTERNATING CURRENT) 
Fig. 8.49 (i) 


the electric current produced always flows in 
and the same direction and has a constant 
Strength, it is known as direct current (D.C.) 


(DIRECT CURRENT) 
Fig. 8.4) (if) 


[Fig 8.49 (ii)] and the machine that produces 
itis known as direct current generator (D.C. 
Generator) or D C. Dynamo. 


A simple electric generator is shown in 
Fig. 8.49 (a) It consits of four main parts : 


(i) Armature. Armature ABCD consists 
of a large number of loops or coils of insulated 
wire wound on a soft iron drum, [fig. 8 49 (4)] 
orring. It revolves round an axle between the 
two poles of a strong magnet and this cuts the 
magnetic lines of force running from north 
pole to the south pole. This drum or ring of 
soft iron serves two purposes : (a) it serves to 
support the coils and (6) increases the magnetic 
field by substituting iron for air core for 
magnetic lines of force. 


(ii) Field Magnets. The magnetic field 
is produced by a permanent magnet in the case 
of very small low power dynamos and by 
electromagnet in the case of big dynamos.. In 
the latter case the electromagnet (N and S) is 
excited by the current generated by a small 
direct current generator mounted on the same 
axle and driven by the same power which keeps 
the dynamo armature rotating. 


x 
ow 
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Fig. 8.49 (a) Electro generator. 

(ii) Slip Rings. Slip rings (Ri and Re) 
are two metal rings to which the ends of the 
armature coil are connected. These rings ars 
fixed to the shaft which rotates the armature 
coil and thus they also rotate along with the 
armature. 


Eh Eh i i A ELT a 
ah A EE ie 


Fig. 8.49. (b) 


(iv) Brushes. These are two flexible metal 
plates or carbon rods (Bı and By) which are 
fixed and constantly touch the revolving rings. 
Tt is with the help of these brushes that the 
current is passed on from the armature and 
rings to the main wires which supply the 
prar to the lamps (Z) in the streets and 

ouses. 


Working. The principle of working of an 
Part generator will be clear from Fig. 
49 (a). 


Suppose the armature coil ABCD rotates in 
the anticlockwise direction. As it rotates, the 
magnetic flux linked with it changes and the 
current is induced in the coil, the direction of 
which is given by Fleming’s Right Hand Rule. 
Codsidering the armature to be in the vertical 


position and as it rotates anticlockwise, the wires 
AB move downwards and DC move upwards 
the direction of the induced emf is from B to A 
and D to C i.e. in the coil it flows along DCBA. 
Fig. 8.49 (a). In the external circuit the current 
flows along B,LB:. This direction of current 
remains the same during the first half turn of 
the armature. During the second half revolu- 
tion, the wires AB move upward while the 
wires CD move downwards. The current flows 
in the direction ABCD in the a:mature coil, 
Fig. 8.50 i.e. the direction of induced current 
in the coil is reversed. In the external circuit 


Fig. 8.50. 


the current flows along Bgl By. Therefore, the 
direction of the induced emf and the current 
changes in the external circuit also after every 
half a revolution. Hence the current thus 
produced is alternating in nature (Fig. 8.51) 


emf 


180° 270° 360° 


ANGLE OF 
ROTATION !6) 


Fig 851. 


ata 


However, the magnitude of the induced emf 
and hence that of the induced current is not 
constant. When the coil is in the vertical 
position §=0°, maximum number of lines of 
force is passing through it but the number of 
lines of force cutis zero, Hence induced emf 
is zero, As the coil rotates, the rate of cutting 
of magnetic lines of force goes on increasing 
and it is maximum when the coilis in the 
horizontal position, #=90°, Thus the magni- 
tude of the induced emf is maximum, When 
the coil rotates further the rate of variation in 
the number of magnetic lines of force cut by 
the coil again decreases and induced emf falls 
to zero at the position when 6°=180°. The 
coil in this case is once more vertical to the 
magnetic lines of force. When the coil rotates 
further, the induced emf and hence induced 
current starts in the opposite direction and 
rises to the maximum value at 6=270° and 
again falls to zero at §=360°, the direction 
remaining the same. These changes are shown 
in Fig. 8.51 graphically. Such a current which 
changes direction after equal intervals of time 
is called an alternating current and the device 
shown shown in Fig. 8.49 (a) is called an A.C. 
generator or A.C. dynamo. Most power 
stations constructed these days produce A.C. 
in India ; the A.C. changes direction after every 


second, i.e., the frequency of A.C. is 


100 

50 Hz. We can very well represent the voltage 

(V) of the mains supply in India by the relation 
V=Vo sin 2 x vt 

where Vo=220/2 V and v=50 Hz, Vo is 

the peak voltage. One usually quotes the root 

mean square (r.m.s.) voltage, which is 


A very important advantage of A.C. is that it 
can be transmitted over long distances without 
much energy loss. 

A DC or Girect-current generator can be 
Constructed with a slight modification of the 
above AC generator. We use the same field 
magnet and armature coil, but instead of slip 
tings, we use split rings or a commutator. 


8.17. TRANSFORMER 
Transformer is a device used in modern 
practice. 


(i) for converting an A.C. of high emf and 
low current strength into an A C. of lower emf 
and a high current strength or 
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_ (ii) for converting an A.C. of low emf and 
high current strength into an A C. of higher 
emf and of low current strength. 


LAMINATED 
IRON CORE 


(STEP-UP TRANSFORMER) 
(a) 


LAMINATED 
IRON CORE 


(STEP-DOWN TRANSFORMER) 
(b) 


Fig. 8.52. 


A transformer used for the first purpose is 
knowna step-down transformer [Fig, 8.52 
(b)] and the one used for the second purpose is 
known as step-up transformer (Fig. 
8.52 (a)]. 


In a general, a transformer consists of two 
coils wound round a core of soft iron wires or 
plates bent into the form of a ring or a 
rectangular frame but insulated from each 
other. An alternating current is passed into 
one of the coils, known as primary coil (P) and 
an alternating current of the same type but of 
different emf and current strength is produced 
in the second coil known as secondary coil (S). 
In a step-up transformer, the primary coil 
consists of a few turns of thick insulated 
copper wire and the secondary consists of a 
very large number of turns of thin copper wire 
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[Fig. 8.52 (a)]. In a step-down transformer, the 
primary coil hasa large number of turns of 
thin copper wire while the secondary coil 
consists of a few turns of thick copper wire, 
{Fig. 8.52 (b)]. Actually the primary and the 
secondary coils are wound on the same leg 
insulated from each other and form the 
laminated iron core as to reduce leakage of 
magnetic flux. 

The following formulas apply in the case 
of a transformer which works on the principle 
of electromagnetic induction, 


Wane (i) 
Vals=efficiency X Vele «+-(ii) 
When the efficiency is 100%, 
Vals=Vele ---(dii) 
Ve Ib Ns _ A 
A TE A ---(iv) 


where Ve=voltage induced in the secondary 
Vp=voltage applied to the primary 
Ns=number of turns in secondary 
Ne=number of turns in primary 
Jp=current applied to the primary 
Js=current induced in the secondary 
Vplp=power supplied to the primary 
Vala=power supplied by the secondary 
K=transformation ratio. It is greater 
than one in the case of step-up 


transformer and less than one in 
the case of step-down transformer, 


The efficiency of a transformer is very high 
and constant over a wide range of power. It is 
96%. Itis one of the most efficient machines 
known, 


Uses of Transformers 


(i) Long Distance Transmission. When 
A.C. has to be transmitted over long distances, 
the energy is lost in the following ways : 

1. The line wire being very long has an 
appreciable resistance and hence a large amount 
of energy is wasted in the form of heat. 

2. In order to keep the resistance of the 
line wire low, thick copper wires have to be 
used which increases the cost. 

3. There isa large fall of potential along 
the wire and hence the voltage available at the 

receiving station is very much decreased. 


, seriously damage equipment. 


This loss of energy can be reduced by 
using a transformer. Suppose, we want to 
transmit 44000 watts from the generating 
station to some city at a distance of hundreds 
of kilometres. It can be transmitted at a 
voltage of 440 volts and a current of 100 
amperes or at a voltage of 11000 volts and a 
current of 4 amperes (° Power= Voltage x 
current). Since loss of energy due to heat in 
the first case is very high as compared to the 
second case, therefore. at the generating 
station, the step-up transformer is used to 
convert low voltage AC. into high voltage 
A.C. This high voltage A.C. at low current 
is transmitted through the live wires and at the 
consuming station, high voltage A.C. is 
converted into low voltage A.C. with the help 
of a step-down transformer. At the Bhakra 
Nangal generating station, the step-up trans- 
former converts generated A.C. into 110000 
volts. This high voltage A.C. is supplied 
through the live wires to distant stations. The 
local power houses convert 110000 volts A.C. 
into 220 volts or 440 volts A.C. with the help 
of step-down transformers. 


The transmission of D.C. over long dis- 
tances is not possible because its voltage can- 
not be increased or decreased whenever 
desired. 


(ii) Transformers are used in telegraph, 
telephone 3 wireless transmitting sets ; wireless 
receiving sets ; television; at power stations 
and also for welding and electrical furnaces. 
For any machinery working on A.C. supply, 
transformer is a necessity, 


8.18. ELECTRIC FUSE 


Electricity can be very dangerous. Jt must 
therefore be treated with great respect and 
only by those of us who known how to use 
it and take every safety protection. 


The dangers are real. (1) A short circuit 
can cause a fire, an explosion or shock damage 
to a person. (2) Faulty insulation can be 
responsible for a short circuit and all its con- 
sequences, (3) Excessive large current can 
Unless adequate 
safety precautions are taken electric shocks 
(which could be fatal) or serious burns are all 
possible. The heating effect of an electric 
current is rapid and could be quickly responsi- 
ble for much damage. 


: A wire gets hotter as the current flowing 
in it increases, The electric wiring in a house 


AMMETER 
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Fig. 8.53. 


will stand a certain current without the wires 
getting too hot to cause any damage. But 
consider the experiment illustrated in Fig. 8.53. 


In the first circuit board, the three lamps 
will glow equally bright with normal brightness. 
What will happen if a length of copper wire 
(copper is a very good conductor) is put across 
the connecting leads as shown in the second 
diagram ? What happens to the current? (If 
you are in any doubt, try the experiment 
yourself.) 


WALL SOCKE? 


MAIN ELECTRIC 
AJ }B WIRING 
ELECTRIC 


Now consider what would happen if the 
leads to an electric radiator touched each other 
or ifia short length of copper wire accidentat» 
fell across the points A and B in the illustration 
Fig 8.54, (This is NOT an experiment to 
try ; it could be very dangerous and you might 
get a shock.) 


CONTACT 


FUSE WIRE 


TR 


Fig. 8.55. 


The current would clearly be large indeed, 
and the mains wire might get very hot and 
cause a fire unless there was some automatic 
way of switching a the current A small 
length of wire with a low melting point 
meets this need, This is called a fuse wire, 
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Fig. 8.56. 


It is made up of tin or some alloy (tin and 
Iead)—(tin 63% +lead 37%). 

In the wiring circuit, such a fuse is included 
which will burn out if the current exceeds a 
stated amount. The fuse wire is normally 
fixed in a special holder (Fig. 8.55) inside a fuse 
box (Fig. 8.56). When the current gets too 
great, the fuse burns out and the main electric 
wiring is protected. It would be difficult to 
repair the wire in the wall of a room, but it is 
an easy business to go to the fuse box, take 
out the fuse holder and replace the fuse wire. 


‘When the two leads to an electric fire or to 
another electric appliance touch or are acci- 
dently joined in some way as illustrated with 
the electric fire above, we call it a ‘short circuit’ 
or we say the circuit is ‘shorted’. 


It is important to remember that there is 
always a reason why a fuse wire burns out. It 
is not good just replacing a fuse wire, as tke 
new fuse wire will burn out again. It may be 
caused bya family appliance, in which case 
the appliance, an electric fire, an electric iron 
or whatever it is, must be disconnected first 
before repairing the fuse. 


Another common cause for a fuse blowing 
is overloading the circuit. What would 
happen when the current is switched on if an 
electric kettle, an electric toaster and an electric 
fire wore all plugged into a light socket using 
two or three way adaptors ? 


It is always wrong to connect electric fires, 
toasters or kettles, which need quite a lot of 
current, to the electric light circuit, at the same 


A common fault is frayed leads (Fig. 8.57) 
or old leads trailing around a room. Itis not 
satisfactory to rely on two lengths of flex tied 


i 


FRAYED 
LEAD 


Fig. 8.57. 


Fig. 8.58. 


up together with insulating tape (Fig. 8.58). 
Such a connection is always a possible source 
of trouble. Why is it unwise to tack long 
lengths of flex around the walls of a room ? 


What might happen in the picture (Fig. 
8.59) illustrated below ? What other causes of 
fuse-blowing can you think of? What might 
happen if one of the leads to an appliance is 
not securely fixed inside the plug ? 


Fig. 8.59. 


It is very common practice to use electric 
plugs which have a fuse inside them. The fuse 
in these is usually a little cartridge fuse [Fig. 
8.59 (a) & (b)]; the fine wire inside melts as 
soon as the current exceeds the stated value. 


What kind of fuse wire be used in the plug 
will, of course, depend on the particular 
appliance. The following table shows the 
probable currents and the type of fuse that 
might be used with a 240 volts mains supply. 


279 


Current Fuse Needed 

Appliance Power Required For Safety 
Tablelamp 60W 025A 2 A 
Stronger lamp 120 W OSA 2 A 
Refrigerator 120 W OSA 2 A 
Television set 120 W OSA 2A 
Electric 

blanket 120 W OSA 2A 
Hair drier 600 W 25 A S5 A 
Electric iron 720 W 30A 5 A 
Small electric 

fire SIA 5 A 
Electric kettle 2000 W 83A 10 to13 A 
Electric fire 2000 W 83A 10to 13 A 
Emmersion 

heater 3000W 125A 13A 


In some equipment, instead of a fuse, a 
cut out device is incorporated. This uses the 
magnetic effect of a current. The current flows 
through a small coil. When it becomes, too 
large, the magnetic effect due to this current 
operates a trip switch, which cuts out the 
current itself. 

What is the advantage of this kind of cut- 
out over an ordinary fuse ? 

While replacing a fuse wire, switch off the 
supply. Take out the fuse carrier from the 
fuse unit. Loosen the screws of the fuse 
carrier and remove the melted wire. Take the 
new fuse wire of the proper size and thread 
this wire through the small channel or tube in 
the carrier. Do not pass the wire through 
any other easier way between the terminal. 
Tighten the screws in the terminals of the 
carrier and replace on the porcelain base of 
the fuse unit. Switch on the supply. Care 
must be taken that you insulate yourself ona 
dry wooden-board. 


8.19. HOUSE-HOLD ELECTRIC 
CIRCUITS 

You have learnt about the generation of 
electric power and also about how electricity 
is transmitted around the country. 

Electricity is generated at power stations at 
many places throughout the country. The 
necessary energy may come from fuel in the 
form of coal, gas, or oil, or it may come from 
nuclear energy within the atom (nuclear power 
station), or it may come from falling water (a 
hydro-electric power station). 


280 


The power station usually produces electri- 
city at 11,000 volts and it is then transmitted 
around the country at very high voltages. The 
National Grid operates at 122,000 volts. 


Such high voltages are quite unsuitable for 
domestic purposes. Various institutions, 
using transformers, bring the voltage down to 
220 volts, at which it will reach your home 
(Fig. 8,60). 


In Art. 8.18 we discussed the importance 
of fusesin electric circuits in order to safe- 
guard electrical appliances and avoid the 
danger of fire. Fuses, therefore, play an 
impoitant part in the electrical wiring system 
in a house. 


Tn domestic wiring, it is important that the 
third pin at each socket be connected to earth. 
For this reason three-cored cable is used ; the 
LIVE wire bringing the electric current is 
usually coloured red, the return wire (often 
called the NEUTRAL wire) is black and the 
EARTH wire green. In order to avoid too 


POWER DISTRIBUTION FROM 
POWER STATION TO HOME 


TRANSFORMER 


STATION HOUSE 


AREA SUB- 
STATION 


DISTRICT 
SUBSTATION 


much complication in the drawings below, 
showing the wiring in a house, the earth wire 
has been ommitted but, of course it is an 
essential part of the installation. 


The Electricity Board’s installations. 
The main cable will pass your house, probably 
under the road or the pavement outside. A 
short length of cable joined to the main cable 
will bring the electricity to your house. This 
will usually be underground and the cable will 
enter in the basement or ground floor (Fig. 
8.61). 


The cable will go into the Electricity Board’s 
main fuse box (Fig. 8°62). This fuse box usually 
has a 60-A fuse inside, through which the live 
lead passes. The box is sealed by the Electri- 
city Board; it is the Board’s property and 
cannot be opened by you without breaking the 
seal. If something went seriously wrong with 
your electric wiring, the Board’s fuse would 
blow and this would protect the rest of their 
installations and insure that the supply to 
neighbouring houses did not fail as well. If 
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Fig. 


their fuse blows, the Board’s electrician has to 
come and repair it. 


The leads then pass through the meter, 
which records the electrical energy used. They 
then go to the main switch. When switched 
off, node of the lights or appliances in the 
house will work at all and there can be no 
possible danger. It is often recommended that, 
when a house is to be left empty for a long 
period, the main switch should be turned off. 


After the main switch, the electricity has to 
be distributed around the house. What are the 
requirements going to be ? There must be 
fuses. There must be leads going to all parts 
of the house. There are two ways in which this 
peony done, and both are described 

elow. 


Distribution fuse box. The leads from 
the mains switch enter the distribution box, 
where each is connected to a bus bar. The 
two bus bars consist of two thick copper bars 
(Fig. 8.63). 


From the bus bars in the distribution box, 
leads go off to all parts of the house. Immedi 
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ately following the bus bar, the live lead 
passes through a suitable fuse. Then the live 
and neutral leads, together with the third ‘earth’ 
wire, provide electricity in one part of the 
house, In the diagram only two sets of leads 
are shown leaving the distribution box, one 
might be providing lighting up stair, the other 
lighting in the downstairs rooms. 


Suppose the wiring to the upstairs room is 
such that it will take 5-A with safety. Then 
the fuse in those leads will be a 5-A fuse. 
Remembering that a 120-watt lamp will take 
about 0'5 A anda 750-watt electric fire will 
take about 3 A, there is a definite maximum to 
the number of lamps or appliance one can 
add in parrallel to a particular set of leads 
without exeeding the 5-A maximum load (Fig. 
8.64). As soon as more are wanted, it is 
necessary to go back to the distribution box 
and put in another set of leads and another 
fuse. 


It should be noted that all distribution 
circuts have the same potential difference, 
usually 220 volts, as they are connected in 
parallel, 
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A parallel circuit is preferred on account of (3) If more lines are added in the circuit, 
the following reasons : it makes no difference to the other lines as 
the P.D. is maintained constant. 
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Fig. 8.63 


(1) If one line is pation ns fe in 
this circuit only will be blown off, er Theicom ea 
rea, eae plete distribution scheme for the 
distribution lines are protected. whole of house might be something like this, 


(2) There isa uniform potential difference The figures in the circles give the maximum 
across each line, current that might be used (Fig. 8.65). 


TO BED ROOM 


TO BED ROOM 


TO DINING ROOM 


TO LIVING ROOM 


NEUTRAL BUS BARS 


TOKITCHEN 
——$<$—<$ — 


Fig. 8.64 


283 


BED ROOM LIGHTS 


Se gues) 


b> 
Jean (2) En 


LIVING ROOM LIGHTS 


an © (:) 
ddA 


GARAGE & 
HALL LIGHTS 


LIGHTING FUSES AND 
DISTRIBUTION BOX 


POWER POINTS 
FOR LIVING ROOMS 


(2) (2) Power points 


BED ROOMS 


KITCHEN LIGHTS 


ie Ca 
cour) G) 


IN KITCHEN 


POWER POINT 
FOR HOT 
WATER 
IMMERSION 
HEATER 


POWER FUSES AND 
DISTRIBUTION BOX 


Fig. 8.65. Complete distribution scheme for the whole house 


Are there any disadvantages in the above 
scheme ? (i) It requires the use of plugs of 
various sizes as shown in Fig 4.66 and this can 
be very inconvenient. 


(ii) Another disadvantage is that when a 
fuse blows, it puts out all the other lights on 
the same circuit from the distribution box. 


(iii) Further more, the fuse has to be 
repaired at the distribution box, which may 
be some way away or in an inconvenient 
spot. 

(iv) But there is one greater disadvantage. 


Suppose you have a new electric appliance, 
which needs a 15-A socket in an upstairs room. 


To put in the new socket, it is necessary to put 
in new leads all the way back to the distribu- 
tion box. Do you see why this will be an 
hensive business and what a disadvantage 
this is 


The ring main system. This system in 
rapidiy replacing the system described above, 
As its name implies, it consists of a ring circuit. 
This starts from the main fuse box, which 
usually has a 30-A fuse, runs round the main 
rooms of the house and back to the fuse box 
again, as shown in Fig. 8.67. 


There are two routes that the electricity can - 
travel to any one appliance, so even through 
a 30-A fuse is included, it is usually only 
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necessary to have 15-A cable. It is possible to 
have plugs and sockets all of the same size, 
and the plugs used can have their own fuse 
(Fig. 8.68). 


FUSED PLUG & 
SOCKET 


Fig. 8.68, 

When a fuse blows, it only affects the single 
appliance concerned. It is easier to repair than 
grouping around at distribution box. Further- 
more, it is very much easier to install a new 
power point without having to put in long 
leads all the way back to the distribution box. 
Of course, this assumes that the total load on 
the circuit will not exceed 30 A at any one 
time, that it will not be used for more than, 
say, three two-bar electric fires at one time. 
In large houses, it may be necessary to have 
more ring mains running round different parts 
of the house. 


MAIN FUSE 


Fig. 8.69 


Whatever system is used, it is Necessary to 
have an earth wire as well as the live and 
neutral leads. The earth lead is connected to 
the third pin at all the sockets. The earth is 
shown in the drawing of a ring circuit around 
a living-room in Fig. 8.69, 


8.20. EARTHIG OF ELECTRICAL 
APPLIANCE AND ITS 
IMPORTANCE 


In electrical terminology earthing or ground- 
ing is a conductor connected to the earth, the 
absolute potential of which is arbitrarily taken 
as zero. A common electrical symbol for 
earthing is shown in Fig. 8.70, 


EARTHING 


Fig. 8.70. 
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An important aspect of earthing (or ground- 
ing) relates to safety. Take the case of an 
electric washing machine. Suppose some fault 
develops in the electric motor wiring (eg., 
breakdown of insulation), it is possible that 
the metal washing machine case could become 
connected to the electrical supply. The appliance 
will then become live. The unsuspecting house 
wife could by touching the machine inadvertan- 
tly, have a high potential difference established 
between different parts of her body. An electric 
current will then pass through this part of her 
body to the earth. if the current is large 
enough she will suffer a possibly dangerous 
electrical shock (Fig. 8:72). On the other 
hand, if the washing machine is properly earthed 
then when the housewife touches the machine 
case with her hand, she suffers no passage of 
electric current, since there exists no potential 
difference between her and other parts of her 
body which are at ground Potential, namely, 
zero (Fig. 8.73). 


It is now common practice to provide a 
separate earth (or ground) wire in ordinary 
house wiring. That is why one now finds the 
the three pronged electric plug in common use. 


Fig. 8.74 shows how this earth wire is em- 
Ployed to earth the case and plate of an ordi- 
nary household electric outlet. Some where 
this earth wire is ultimately connected to either 


lig 8.71. 


w 


INSULATION 
BREAK 


INSULATION 
; HOUSE WIFE 
RECEIVES A 
SEVERE SHOCK 


CURRENT 


MACHINE CASE 


HOUSEWIFE 
f IS SAFE 

2 CURRENT WA A-O sha WHEN THE 

: MACHINE 
CASE IS 
EARTHED 


INSULATION 


a metal rod driven deep into the ground or 
simple to a water metal pipe, since the metal 
pipe usually travels well below ground level 
from the house to the main water supply. 


The earthing of electrical appliance can also 
save the appliance from damage. If a short 
circuit occurs in the appliance, a large current 
will flow through the earth connected wire as 
it provides an easy path for the current. Due 
to this current the power supply would be cut 
and thus no damage would be done to the 
appliance. 


INSULATED 
(RED) WIRE 


INSULATED 
(BLACK) WIRE 


GROUND WIRE ~ 
(CREEN) 


COUBLE 


Fig. 8.74. 


ELEMENTS OF EARTH'S 
MAGNETIC FIELD 


8.21. 


There is a magnetic field around the earth 
asin Fig. 8.75. The earth acts as ifit bad a 
relatively short bar magnet, some’ few bundred 
kilometres long, buried near its centre. This 
produces a magnetic field similar to that of a 
bar magnet. The axis of this magnet does not 
correspond to the axis of rotation of the earth, 
but is tilted about 17° with respect to it as 
shown in Fig 8.75. Since the north pole of 
a compass needle is, by definition, the end of 
needle which points north when free to rotate 
in the earth's field, it must be attracted by a 
south pole. Hence the earth's south magnetic 
pole is situated near its geographic north-pole, 
and vice versa, as the figure shows. We note 
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that the positions of magnetic poles are not 
well-defined on the globe—they are spread over 
an area. 


A frictionless compass needle free to rotate 
in a horizontal plane does not show true 
geographical north and south directions at a 
place. It so happens because the magnetic axis 
and the geographical axis of the earth do not 
conicide. A vertical pline passing through 
the direction indicated by 1he compass is called 
the magnetic meridian (Fig 8.75 (a)]. The 
direction of earth's magnetic field lies in the 
magnetic meridian and may not be horizontal. 
A vertical plane along true geographical north 
and south directions at a place (i.e., passing 
through geographical axis of earth) is called 
geographic meridian. The angle between the 
magnetic meridian and geographic meridian at a 
place is known as the angle of declination. 
Its value is different at different places on the 
globe. To find the true geographic direction 
at a place by a compass, one must know the 
angle of declination at that place. 


If we have a compass needle which can 
rotate in a vertical plane and we keep it in the 
magnetic meridian, then it will align parallel to 
the lines of force Around the magnetic poles 
of the earth, the lines of force are vertical and 
this compass needle will become vertical. As 
you move to the magnetic equator, where the 
field is parallel to the surface of the earth, the 
Magnetic needle will gradually come to the 
horizontal position. At any other place, the 
axis of the compass needle will be inclined and 
the angle which it makes with the horizontal 
plane is called the angle of dip or the 
inclination Thus the angle of inclination or 
dip at a place on the surface of the earth is the 
angle made by the earth's field with the hori- 
zontal (Fig 8.76). The line joining the points 
on the earth’s surface where the angle of 
inclination or dip is zero is known as magnetic 
equator. It passes through Thumba in South 
India where the space research centre is located. 
At the magnetic poles, the angle of dipis 90°. 


For knowing a force fully we must know 
three things about it; ʻi) the plane in which 
the force is acting : (ii) the direction in which 
the force is acting and (jii) the magnitude of 
the force. The quaatities which determine 
these three things about carth’s magnetic field 
ata place are known as elements of earth's 
magnetic field Individually, these are known as 


(1) angle of declination 


E 


MAGNETIC SOUTH (Sm) GEOGRAPHIC NORTH (Ng) 


GEOGRAPHIC AXIS 
ax \y see's EARTH'S AXIS OF 


al [72 — 4 ROTATION ), 


<n 
i { 
r * 
\ 


1 be MAGNEINC LINES OF FORCE 


MAGNETIC EQUATOR 


GEOGRAPHIC SOUTH 
(Sq) 


MAGNETIC NORTH 
(Nm) 


Fig. 8.75 


GEOGRAPHIC NORTH 
ANGLE OF DECLINATION 


MAGNETIC NEEDLE 
SUSPENDED FREELY 
ATITSCG ATA PLA 


GEOGRAPHIC MERIDIAN 


(EAST) 


MAGNETIC MERIDIAN 


GEOGRAPHIC SOUTH 


Fig. 8.75 (a) 


(2) angle of inclination or dip 


and (3) the horizontal component of the earth’s 
magnetic field. 


Magnetic elements vary irregularly with 
place at the same time as well as vary with 
time at the same place. Thus the earth’s 
magnetic field is not as symmetrical as one 
might imagine. It is, in fact, quite complex. 


MAGNETIC NEEDLE 


HORIZONTAL 
AXIX OF ANGLE OF 
ROTATION DIP AT A PLACE 
ki 
Fig. 8.76. 


Knowledge of magnetic elements ata place 
is of great use in practical life. The angle of 
declination helps us in preparing and following 
a geographical map with the help of a compass 
needle in air or in sea navigation. The varia- 
tion of angle of dip at a place in the near-about 
area indicates the presence of iron ores etc. 
The value of horizontal component of earth’s 
field at a place is of great use in the various 
caleulations involved in various magnetic or 
electrical phenomena. 

Various theories have been put forward to 
account for magnetism of the earth. But none 
of these can exactly account for all the 
observed phenomena associated with earth’s 
magnetism. The general belief is that it is due 
to the electric currents circulating in the earth’s 
interior. 

SOLVED EXAMPLES 
Example I 
Find the magnetic field at a distance of 


5 cm from a straight wire carrying a current of 
20 ampere po=4r X 1077 Tm/A. 


Solution 

The magnitude of the magnetic field B 
produced in vacuum at a distance r from an 
infinitely long straight conductor carrying a 
current J is given by z 
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When the current J is expressed in ampere 
and the distance r in metre, the magnetic field 
B is in tesla (symbol T). Here yo is the per- 
meability in vacuum and is exactly equal to 
4x 10-7 Tm/A. 


Here, = cm=0'05 m 
I=20 ampere 
B= 4x x 1077 x 20 
27 0°05 
or B=8x105 T 
Example 2 


A straight conductor, carrying a current of 
2 ampere, is placed in a magnetic field of 0'1 
tesla. Find the force experienced by it. What 
is its own magnetic field at a distance of 1 cm 
from it ? (49=4n x 10-7 Tm/A). 
Solution 

The force (F) experienced by a straight 
conductor of length (/), which is perpendicular 


to both the direction of the magnetic field (8) 
and of the current (I) is given by 


F=Bil 
Force experienced per unit length 
F 
=> = BI 
Here, I=2 ampere 
B=0'! tesla 


.. Force experienced by the straight con- 
ductor per unit length=0°1 x 2 


=02 N 
The magnetic field due to the straight 
conductor ng am 
2nr 


Here, r=1 cm=10-2 m ; 
I=2 ampere & po=4x x 107-7 Tm/A 
B= 4x x107x2 
2n x 1072 
=4x 105 T 
Example 3 


A coil consists of 1000 circular turns of 
thin wire with an average radius of O'I m. If 
the current in the coil is 10 A, find the 
magnetic field at its centre due to (a) one turn ; 
(6) the entire coil. 


jo=4nX 10-7 Tm/A 
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Solution 


The magnitude of the magnetic field (B) 
produced at the centre of the circular coil 
having one turn is given by 


Bale! where Tis the current 
and r is its radius 


(a) .". For any one turn, the magnetic field 
has a magnitude 


pa Hot 


2r 
— 4% xX 10-7x 10 
2x01 
= 4%3:14x 10-7 x 10 
2x01 
=6'28 x 10-5 T 
(b) If the circular coil has n turns, ‘the field 

produced ism times that produced due to a 


single turn because the field due to each turn is 
in the same direction. 


Hence, for 1000 turns, the magnetic field 
has a magnitude=1000 x628 x 10-5 T 
=0°0628 T 


Example 4 


Two parallel wires carry currents of 10 A 
and are separated by 1 mm. What is the force 
on a 2 m long portion of the wire ? 

po=4r X 10-7 Tm/A 


Solution. 

The force per uint length F _ voll 

I 2ur 
Here, h=h= 10A 
r=] mm 
=103m 

: F _ 4xx10-7x 10x 10 
Fe I 27 X 1073 


/ =0°02 Nm 


Thus the force on a 1 m segment of the 
wire is 0:02 N. The force on a 2 m segment is 
twice this force, or 0:04 N. 


Example 5. 


‘Two long straight wires, each of length 
0:50 m and separated by a distance of 1:0 cm, 


are connected to a battery, as shown in Fig. 
8.77. The resistance of the circuit external to 
the battery is 3-0 ohm, and the applied voltage 
is 6:0 V. 

(a) What is the current in the circuit ? 

(6) What is the magnitude of the force 
between the wires ? 

(c) Is this force one of attraction or repul- 
sion ? 

(m=4r X 10-7 Tm/A). 


Solution. 


(a) From ohm’s law, 

Voltage (V) 
resistance (R) 
60 


Current J= 


3ohm 
Fig. 8.77 


(6) The force between two wires of length 
I separated by a distance r is 


F= Bol; lol 
2nur 
Here, h=h=20A; 1=05 m; r=lcm 
=001 m : 
p37 107x20x20 x 0:50 
2xx001 
=40x105N 


——————— ee 


| 
| 


_ (c) Since the currents are in opposite 
directions in the two wires, the force is one of 
repulsion. 


Example 6. 


At what distance will a straight conductor 
carrying current of 2 A, produce a magnetic 
field of 10-5 tesla? How much force will be 
experienced by another straight wire parallel to 
and at that distance from the first one and 
carrying a current of 3 A? 


wo=4n x 10-7 Tm/A 


Solution. 
Since San 
2ar 
105= 48% 10-7x2 
2r xr 
_ 4nx10-7x2 
~~ Qn x 1075 
=4x 10-72 m 
=4 cm 
Again 
i SA eo polite 
Force per unit length=—-= Far 
Here, h=2A 
h=3A 
r=4x 10-2 m 


, Force experienced per unit length of the 
4nx1077x2x3 


wite = 5 4x 102 newton/metre 
=3x10-5 N/m. 
Example 7. 


A long and thin copper foil is hanging as 
shown in Fig. 8.78 so that its two halves are 
kept straight and parallel to each other by the 
weight of a paper tube of 5 mm diameter. If 
a current of 5 ampere passes through it, find 
the mutual force per centimetre of their length. 
Is it repulsive or attractive ? 

(po=4n X 1077 Tm/A). 


Solution. 

We know that, 

Force between two wires of length / sepa- 
rated by a distance r is 
F= polite! 

2nur 
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5A 


THIN COPPER 
FOIL 
i“ 


PAPER TUBE 


Fig. 8°78 
Here, y= io=:5A ; r=5 mm=5x 1073 m 
Let l=1 m 
4x x10-7x5x5 
2nX5x 1073 
=10-3 N/m 
Mutual force per centimetre of their 
N/m 


*, Force per metre= 


102 
=10°5 N/cm 

Since the currents are in opposite directions 
in the two halves of the copper foil, the force 
is one of repulsion. 

Example 8. 

A wire 1m long is perpendicular to a 
magnetic field of 5x 10-2 tesla. What is the 
force on the wire when it carries a current of 2 
amperes ? 

Solution. 
Here, length of wire=/=1 m 
magnetic field=B=5x 10°? T 
current=/=2 A 

Since, mechanical force experienced by a 
conductor carrying current ina magnetic field 
held at right angles to the field isv 
F=Bil 
F=(5x10"?)x 2x1 newton 

=O1N 


length 


Example 9. 

A 0'2 m straight wire stretched horizontally 
carries an electric current of 10 ampere from 
east to west in a magnetic field of 0:1 testla 
directed vertically downwards. What are (a) 
the magnitude of the magnetic deflecting force 
on the wire and (b) its direction ? 


Solution. 

\ (a) The magnetic field is at right angles to 
the current, therefore, the force is maximum 
and 

F=Bil 
=(0'1)x 10x 0:2 newton 
=02N 
(6) By Fleming’s Left Hand Rule: First 
finger (magnetic field) points vertically down- 
wards, the middle finger (electric current) 
points west and, therefore, the thumb (deflect- 
ing force) points south. 


Example 10, 


A moving coil galvanometer has a resistance 
of 40 ohms and is deflected full-scale with a 
current of 0'01 ampere through it, How will 
you convert it into an ammeter Measuring up- 
to 10 amperes ? 


Solution. 


Let a shunt of resistance R, ohms be con- 
nected in parallel with the galvanometer of 
resistance R, as shown in Fig. 8.79. 

The value of the shunt resistance R, is such 
that when 0:01 ampere flows through the 
galvanometer, (10—0:01)=9:99 ampere must 
pass through the shunt (Fig. 8.79). The 
potential drop from point P to point Q is the 
same along resistance R, or along R, This 
means 


0:01 x Rı=9'99 x R, 


But R,=40 ohm 


=0°04 ohm 


Hence, we can convert this Moving coil 
galvanometer into an ammeter measuring upto 
10 A by connecting a shunt of resistance 0.04 
ohm in parallel with it as shown in (Fig. 8.79). 
Example 11. 


A galvanometer has a resistance of 20 ohm, 

A maximum current of 0:50 milliampere can 

pass through it How will you convert it into 
a voltmeter measuring upto 5 volts ? 

[4.I.H.S. 1969] 


R=9980 ohm 
'9 = 0-0005 A! HIGH RESISTANCE 
Rg 
Fig. 8°80. 
Solution. 
Here, R,=Resistance of the galvanometer 
=20 ohm 
Jj=Maximum current passing 
through the galvanometer so as 
to give full-scale deflection 
=0'50 mA=0:00050 A 
According to ohm’s Law, 
potential difference=J,R, 
=0°0005 x 20 volt 
=0°01 volt 


GALVANOMETER 


Rs=0 04 ohm 


SHUNT 


Fig. 8.79, 


Such a galvanometer can measure voltage 
only upto 0-01 volt. In order to convert this 
galvanometer to measure voltage upto 5 volt, 
we must add a high resistance in series with it 
as shown in Fig. 8.80, such that 


¥ 
ORF Re: 
where V=maximum voltage 
00S N 
or 0:0005= R+20 
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5 
or R+20= 70005 = 10000 3 


R=10000—20 
=9980 ohm. 


Thus a high resistance of 9980 ohm in 
series with the galvanometer is required to 
convert it into a voltmeter of 0—5 V range as 
shown in Fig. 8.80. 


SUMMARY 


1. A bar magnet attracts iron fillings more st 
poles. \f a bar magnet is suspended in su 
plane, it takes the north-south direction. 
the north pole and the end which poin 


2. Like poles repel and the unlike poles att 
acts along the line joining the two poles, 
distance between them. 


3. A magnet can induce similar properti 
We c 


4. If we break a magnet into two or more simi 


both north and south poles. We cannot ob! 


generates a magnetic field in the space surrounding it. 
ic field at any point is taken as the direction of the resultant force acting on a hypothe- 
laced there. A magnetic field is conveniently described by 


5. A magnet 
tical isolated north pole 


rongly near its free ends. These ends are called the 
ch a way that it is free to rotate in a horizontal 
The end which points towards the north is called 
ts towards the south is called the south pole. 


ract each other. The force of attraction or repulsion 
and is inversely proportional to the square of the 


es in some substances. We call these magnetic substances. 
call this phenomenon magnetic induction. 

ilar pieces, even the smallest possible magnet has 
tain isolated magnetic poles. 


The airection of the 


sketching the magnetic lines of force. The magnitude of the magnetic field is proportional to 
the force experienced by that isolated north pole. 


6. Magnetic lines of force have certain characteristics or properties. 
7. An infinitely long straight conductor carrying a current (1) produces a magnetic field around 


it. The magniti 
given by 


ude of the field B produced in vacuum (free space) at a distance r from it is 


p= eL where p=47X 10-? Tm/A is permeability of free space. 


2nr 


The direction of the magnetic field is given by right 
t-hand, such that the thumb is stretched along the direction of the 


carrying wire in our righ 


t-hand rule. It we imagine holding current 


current, then the fingers will wrap around in the direction of the magnetic field. 


8. S.I. unit of magnetic field is resla (T). Itis a fairly big unit. 


the surface is about 0°3 x 10-* 7. 
> 
Magnetic field B is a vector. 


Magnetic field of the earth near 


9. Force between two long straight, current-carrying conductors : 


ŝi a i; p; tolls 
Magnitude : T ae 


Direction c 
directions. 


10. Ampere: That current which, flowing in ea 
results in a force between the wires of exact! 


Attraction if two currents are in same direction ; repulsion if in opposite 


ch of two long parallel wires one metre apart, 
ly 210°? N per meter of length. 


11. Magnetic field at the centre of a circular coil carrying current : 


oT 
() B= 3 


(ii) B= meL where n is the number of turns 
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12. 


13 


14. 


15. 


16. 


17. 


18 


19. 


20. 


Force ona current-carrying conductor of length Iin a magnetic field > 

Magnitude: F=B, J] where B; is intesla (T)=iN/(A.m.), 

Direction : (Fleming's Left Hand Rule). Stretch the first finger, the middle finger and 
the thumb of your left hand in such a way that they are mutually at right angles to each other. 
If the first finger represents the direction of the magnetic field, the middle finger represents 
the direction of the current in the conductor, then, the thumb will represent the direction of 
motion of the conductor. 


A solenoid consists of many circuiar turns of wire wrapped in the shape of a cylinder. 
Since the current in each circular turn has the same direction, the field due to each turn adds 
up, giving a fairly strong resultant ficld inside a solenoid, 


In fact, the magnetic field due to a long solenoid has all the properties of the field Produced 
by a bar magnet—the ends of the solenoid acting as the poles. 


Galvanometer is an instrument used for detecting currents flowing in a circuit. Its working 
is based on the fact that a current-carrying conductor placed ina magnetic field experiences 
a force perpendicular to both, the current and the field. It is so Constructed that the deflection 
is proportional to the current. 


Ammeter : lt is a device which is used for measuring a current in a circuit. It has a very 
low resistance as compared to the total resistance of the circuit. It is connected in series in 
the circuit as it produces a negligible change in the value of the current. 


Ammeter is a modified moving coil galvanometer, It usually consists of a galvanometer with 
a low resistance in parallel with the moving coil. This resistance is called a shunt. The 
value of the shunt resistance depends upon the range of the instrument. The scale is 
graduated in amperes ; with its zero at one end. 


Voltmeter: It is an instrument used for Measuring potential difference. It must be placed 
in parallel with the circuit and it must have high resistance. 


It is also a modified moving coil galvanometer. The resistance of the galvanometer is increa- 
sed by putting a high resistance in series with its coil. The value of the high resistance 
Hapa upon the range of the instrument. The scale is graduated in volts ; with its zero at 
one end. 


The phenomenon of production of an electric current in a circuit by the help of the magnetic 
field is called electromagnetic induction. The direction of the induced current is given by 


finger represents the direction of the magnetic field, the thumb Tepresents the direction of 
motion of the conductor in the magnetic field; then the middle finger will represent the 
direction of the induced current in the conductor. 


ae pain the A.C. changes direction after every 1/100 second j.e. the frequency of A.C. is 
z. 


A.C. can be transmitted over long diztances without much energy loss. 


A transformer is a device which steps up A.C. voltage or steps down tne AC. voltage. It 
works cn the principle of electromagnetic induction. Since the total power (P=V/) cannot 
be changed, when we step up the voltage, the current in the circuit is reduced by roughly the 
same factor. 


In our homes we receive supply of electric power through mains froi stri 

r homes y f c T m electric poles. One of 
the wires in this supply. usually with ted insulation on it, is called Jive ae (or positive). 
Another wire with black insulation is called neutral wire (or negative) Potential difference 
peers pea in India, is A volts or the meter-board in the house these wires go 
Into the watt-hour-m: ter through a main- use. Then through a main swi, 
ia tine Wines ee g! switch they are connected 


Various äppliances in the house are then connected to these line wires, each with its inde en- 
dent switch. Jn order thai each appliance gets equai voltage, they are connected in parallel 
with each other. This also ensures that one is switched ‘on’ or ‘off’, other are not affected. 


The watt-hour-meter Measures the sum total of energy consumed in all the appliances 
because currents of all the appliances pass through it, 
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Each pair of live wires carries its own fuse. 


Now-a-days the main line also carries a third wire (usually with green insulation) which is 

called earth wire. This wire starts from a deep earth connection in the nearest electric sub- 

station. Importance of this wire is highest for appliance with metallic body. The metallic 

body is connected to the “earth” wire. Thus even, if there is a mild leakage of current to the 

poar ortig nopic; its potential remains equal to that of the earth and we do not receive 
e electric shock. 


21. A fuse wire or simply the fuse is a wire of low melting point inserted in the positive line wire. 
It is made from an alloy of tin and lead (Tin 63% +lead 37%). 
The eai the fuse wire, the greater is its capacity. Thus fuse wires of various capacities 
are available. 


22. Earth has a magretic field which is very similar to the field produced by a huge short bar 
magnet at its centre—its north pole lying towards the geographical south and south-pole 
towards the geographical north. The axis of the earth’s magnetic field does not coincide with 
the geographical axis ; the angle between them being about 17°. 


Angle of declination is the angle between the magnetic meridian and the geographic meridian 
at a place. Its value is different at different places on the globe. 


If we have a compass needle at a place which can rotate in a vertical plane and we keep it in 
the magnetic meridian, then the axis of the compass needle will be inclined and the angle 
which it makes with the horizontal plane is called the angle of dip ot the inclination. At the 
magnetic poles, the angle of dip is40°. The line on earth's surface passing through the 
places having angle of dip 0° is called the magnetic equator. 

The magnetic field of the earth is quite complex and the elements of the earth’s magnetic 
field (angle of declination, angle of dip or inclination etc.) vary irregularly over the earth’s 
surface and also vary with time. 

The general belief is that earth's magnetic field is due to the electric currents circulating in 
the earth’s interior. 


QUESTIONS 


[A] Objective Type Questions 

i. One pole of magnet brought near a piece of iron attracts it. We can be sure that the 
iron 
(a) is a magnet 
(b). is magnetic 
(c) is electrified 
(d) has more than two poles 

2. Lines of force produced by a magnet are directed away from the———pole. 


3. When the distance between two magnetic poles is increased, the force between them 


(a) increases 
(b) decreases 
(c) remains the same 
4 The following electromagnets have the same core. Which one is the strongest ? 


(a) 100 turns and 3 amperes 
(6) 200 turns and 2 amperes 
(c) 50 turns and 7 amperes. 
5. Electrons are projected perpendicularly into a magnetic field. As the speed with which 
the electrons are projected increases, the force on the electron 
(a) increases 
(b) decreases 
(c) remains the same 
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10, 


1. 


12. 


13. 


i4. 


Electrons are projected perpendicularly intoa magnetic field. As the magnetic field 
used increases, the force on the electron 


(a) increases 

(b). decreases 

(c) remains the same 

The magnetic force on a proton moving at right angles to a magnetic field, compared 
to an electron moving there at the same speed, is 

(a) the same 

(b) greater 

(c) less 

As the charge on particles projected at a certain speed into magnetic field is increased, 
the force on the particles 

(a) decreases 

(b) increases 

(c) remains the same 

Magnetic lines of force are most readily concentrated in 

(a) aluminium 

(b) iron 

(c) silver 

(d) gold 

Permanent magnets are made of 

(a) aluminium 

(b) copper 

(c) alnico 

(d) rubber 

If the N-pole of a compass needle is repelled by the unmarked end of a Magnet, that 
end of the magnet is a—~—— pole. 

A compass needle is pivoted under a horizontal wire cariying electron current from east 
to west. The compass needle will point 

(a) east 

(b) west 

(c) north 

(d) south 

Objects lifted by a electromagnet become magnetized by 

(a) the current through the objects 

(b) induction 

(c) the earth 

(d) static charge 

Lei feels ot Sg, Seat ys the same direction. The magnetic field which they 
(a) zero 


(b) not necessarily zero, but less than it would be if the cu; i 5 
were zero J trent in one of the wires 


(c) greater than it would be if the current in one of them were zero 


| 


15. 


16. 


17 


19. 
20. 


21. 
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Two parallel wires carry current, If the current in both the wires is doubled, the force 
on one of the wire is 

(a) doubled 

(b) quadrupled 

(c) multiplied by 8 

(d) multiplied by 16 

Two parallel wires carry current. If the current in one of them is doubled, the force on 
the other. wire is 

(a) doubled 

(b) quadrupled 

(c) not affected 

If an ammeter is to be used to measure the current in a device, it should be connected 
in———with the device. 


Two long parallel wires are shown in Fig. 8.81 carrying current in opposite directions, 


Fig. 8.81. 


The direction of the currents is-that of electron flow. At point D the direction of the 
resulting magnetic field is 

(a) into the paper 

(b) out of the paper 

(c) towards the top of the paper 

(d) towards the bottom of the paper 

(e) none of the above 

Which of the above nve choices in Q. 18 is correct for point B in the diagram ? 

Which of the choices in Q. 18 are correct for point Cin the diagram to the left of 
wire 1 ? 

If the current in wire 2 in Q. 18 increases a little, the intensity of the magnetic field 
at C. 

(a) increases 

(b) decreases 

(c) remains the same 
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24. 


26 


27. 


If the current in wire 2 in Q. 18 increases, the force on wire 2 
(a) increases 

(b) decreases 

(c) remains the same 

As a result of the currents in the two wires in Q. 18, the force on wire 1 as compared 
with the force on wire 2 is 

(a) greater 

(b) smaller 

(c) numerically the same 

(d) dependent on which wire has the greater current 

A moving coil galvanometer measures 

(a) charge 

(b) Potential 

(c) strength of current in a circuit 

(d) resistance of a conductor 

Of the following, the meter which reads energy-used is the 
(a) ammeter 

(b) voltmeter 

(c) ohm-meter 

(d) watt-hour-meter 

In house hold wiring, a parallel circuit is preferred because 


(a) if one line is overloaded, the fuse in this circuit only will be blown off and other 
distribution lines are protected 


(b) if one line is overloaded all the fuses will be blown off and other distribution lines 
are not protected N 


(c) there is no uniform potential difference across each line 
In electrical terminology, earthing is a conductor connected 
(a) to the earth 
(b) toan insulator 
(c) toa tree 
(d) None of these 
A safety fuse must be connected in series with 
(a) live wire 
(b) earth wire 
(c) neutral wire 
Complete the following 
(i) The magnetic field is largest where the field lines are......... 


(ii) Ifa positive charge experiences a magnetic force straight up, a negative charge 
moving in the same di: tion will experience a magnetic force... ..... 


(iii) The magnetic force on a current-carrying wire is zero when the magnetic field 
Iraha OF dyin; to the current 


(iv) In a galvanometer, the deflection is proportional to the 
(v) A nearly uniform magnetic field can be found inside a......... 
(vi) The field due to a long straight wire varies......... with the distance, 
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Fiera is a diagram of the magnetic field of a horse-shoe magnet. Mark in it 
oles. 


Fig. 8.82. Horse-shoe magnet, 


[B] Very Short Answer Questions : 


What is a magnetic substance ? 

What is a magnetized substance ? 

Can a magnet have an isolated pole ? 

Where can we find a magnetic field ? 

If we represent a magnetic field by lines of force, how do’ we differentiate between a 
strong and a weak field ?. < 

When a straight wire carries current, what is the shape of the magnetic field that is 
produced by the current ? 

How can the direction of the magnetic field in Q. 6 be determined ? 

If a circular wire loop carries current, why is there a relatively strong magnetic field in 
the centre of the loop ? 

How can we find the north pole of a solenoid if we know the direction of current flow 


in it? 

What determines the strength of a solenoid ? 

Under what conditions does an electric charge produce a magnetic field ? 
Does a spinning electron behave like a magnet ? 

What is a moving coil galvanometer ? 

What is an ammeter ? 


N 


and 


What is a voltmeter ? 

What is an electric generator ? 

A charge is lying at rest in a magnetic field. What is the force experienced by it ? 

win ee needle when placed zear the north pole of a magnet experience a force ? 
y 


rwo parallel wires carry current in the same direction, Will they attract or repel each 
other ? 


A straight wire carrying current produces a peed ‘field around it. State the rule 
which determine the direction of the magnetic field Produced. 


How are electrical appliances connected in s house ? 
What is earthing ? 


. What is the material of a fuse wire? Is the melting point of a fuse wire low or high ? 


Usually three insulated wires of different colours are used in an electrical appliance. 
Name the three colours. ` [4.I.S.S. 1987] 


Short Answer Type and Essay Type Questions : 


(a) What is a magnet ? 


(b) Define : pole a magnet ; Magnetic axis of a magnet. 


. (a) What is a magnetic field ? 


(b) Define : Magnetic field intensity ; Magnetic line of force ; tesla. 
(c) Mention some of the properties of magnetic lines of force. 
(d) Can two lines of magnetic force intersect with each other ? [4.1.S.S. 1987] 


(a) What is a natural point ? (b) Can a magnetic field be seen ? 

(c) Can it be detected ? (d) Can a magnetic field be mapped out ? 
Draw a magnetic field pattern 
(i) around a bar magnet with two poles, 


(ii) when a bar magnet is positioned with its north pol gnetic 
pole of the earth. a E AeA oe north 


(iii) when a bar magnet is positioned with its north s 
pole of the earth. pole towards the magnetic south 


(iv) due to the earth’s magnetism at a place. 
Show by a simple experimen insi i i i 
noticed ar it Mention pay Reg OR Gah deci ae field. greda 
(a) Discuss the field pattern due to 
(i) straight current-carrying wire 
(ii) a circular coil carrying current 
(iii) a solenoid 
Draw clear diagrams to ex 
(b) Explain right hand 


discussed in (a). 
What is a Solenoid? How will you show that a solenoid i i 

I carrying current behaves lik 
. Hoe mimi Describe the rule for determining the polarity. of the ends of the 


plain the chief features of the magnetic fields. (4.7.S.S. 1982) 
Tule to determine the direction of the field in each case 
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8. (a) What is an electromagnet ? 
(5) Draw a diagram of an electromagnet. Explain how it works. 
(c) Give a brief account of some of the important practical applications of an electro- 
magnet. 
9. We can increase the lifting force of an electromagnet by : 
(i) incrgssing the current ; 
(ii) increasing the number of turn of wire ; 
(iii) increasing the cross-sectional area of the core ; 
(iv) making the core of glass instead of soft-iron. 
Choose one answer from above which is not correct. 


10. (a) State Fleming’s Left hand Rule and illustrate it by two examples. (ALSS. 1982) 
(6) How can you demonstrate Fleming’s Left Hand Rule experimentally ? 


11. (a) What is a galvanometer ? 
(b) Describe the construction, principle and working of a moving coil galvanometer. 
(c) Why is a soft iron cylinder placed between the poles of the magnet ina moving 
coil galvanometer ? 
(d) What is a radial field and what is its importance ? 
12. The magnetic field at a point associated with a current carrying conductor is 
(i) directly proportional to the current flowing ; 
(ii) directly proportional to the distance from the conductor : 
(iii) inversely proportional to the current flowing ; 


Choose the correct answer. 


13. (a) What do you know of the action of magnetic field on a conductor carrying a 
current ? 


(b) A wire BA of length I (Fig. 8.83) is placed vertically between the poles of a large 
magnet having magnetic field B tesla. It is free to turn in any direction. State and 
explain what happens when a current J is passed through the wire in the direction 
AB. (Ais free to move). 


What is the expression for the mechanical force experienced by the wire carrying 
current ? 


8 


A 
Fig. 8.83. 


14, If the direction of a current in a conductor is towards the reader but out of the pages, 
is the direction of magnetic field (Choose one answer) 


(i) along the conductor towards the reader ? 
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(ii) clockwise around the conductor ? 
(ii) counter-clockwise around the conductor ? 
(iv) along the wire into the page. 
15. A straight conductor is placed parallel to the magnetic field of a magnet. Wiii it move 
© in any direction when a current is passed in it ? Give your reasons. 
16. (a) Give the unit of magnetic field in SI system and define it, 
(b) How tesla and gauss are related to each other ? 
17. (a) What is a galvanometer ? 


(b) Copy Fig. 8.84 and put in an arrow showing which way the coil (free to turn 
about a vertical axis) tends to move, 


Fig. 8.84 
18. (a) Two parallel wires carry current in the same direction. Describe the forces on each 
of them. What if the currents are in Opposite directions ? 


(b) Calculate the force between two infinitely long straight conductors carrying current 
and hence define ampere. [4.2.8.S. 1987] 


19. <a) What is magnetic field (B)? 
(b) Does a small magnetic needle experience a force when placed in the magnetic field 
of another magnet ? 
(c) Is the magnetic field (B) a scalar or Vector quantity ? 


(d) Does an electron at rest experience a force in a magnetic field ? Name two factors 
aa influence the force experienced by a current carrying conductor in a magnetic 
eld, 


20. Why cannot one obtain an isolated north pole by breaking a magnet into two pieces ? 
21. Write a short note an house hold electric circiuts. Why is a parallel circuit preferred 7 
22, (a) What is an electric fuse ? 

(6) Why does fuse contain tin and lead ? 

(c) Outline how you would demonstrate the action of a fuse wire in a circuit. 

(d) Why is it dangerous to replace a fuse with an iron nail? 

(e) In what way do electric fuses serve as a safety device in electric circuits ? 


23. 


24. 


26. 


27. 
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(a) What is meant by earthing of electrical appliances ? 

(b) In What ways does earthing serve as a safety device in electrical appliances ? Explain 
with the help of an example. 

(a) Under what conditions is an induced emf produced ? 

(b) When does an induced emf produce an induced current ? 

(c) What are the factors which affect the magnitude of an induced emf ? 


. What are magnetic lines force ? How is the direction of a magnetic field at a place 


determined ? 
Mention the important properties of the magnetic lines of force, 


How do you interpret the following patterns of magnetic lines of force ? 

(a) The lines of force are parallel to each other. \ : 

(b) The lines of force come closer to each other as we proceed in the direction indicated 
by north pole of a small compass. 

(c) The lines of force get further apart from each other as we proceed in the direction 
indicated by north pole of a small compass 

How can you demonstrate expeximentally that a straight conductor carrying current - 

placed in a magnetic field experiences magnetic force? Define magnetic field strength 

and give its unit. 


28. (a) What is an electric generator ? Draw a labelled diagram of an A.C. generator, ` 


30. 
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32. 


(b) What are the important parts of an A.C. generator ? 
What is the function of each of these parts ? 
(c) Why is energy required to rotate the armature of a generator ? 
(d) Why does the direction of the induced current in the coil change after every hail 
revolution [4.I.S.S. 1987) 
What is the essential difference between 
ía) alternating current (A.C.) and direct current (D.C.) and (b) A.C generator and 
D.C. generator. 
What is the frequency of A.C. in India ? 


Define (by drawing diagrams) : 

(a) Magnetic meridian 

(b) Angle of declination 

(c) Angle of dip or (inclination) 

(b) How would you expect the angle of inclination to alter oa a journey from London 
to Cape Town ? ; 

(c) Does the earth behave like a magnet ? Explain. ` 

State the attachments which should be fitted to a sensitive galvanometer to convert it 

for use as t 

(a) a voitmeter 

(b) an ammeter. 

Draw diagrams to show the method of connection of these attachments. 

(a) Draw a diagram to show the production. and detection. of a current induced in a 
coil of wire by means of a magnet. State briefly what is to be observed and shaw 
clearly on your diagram the direction of the induced current if the north pole of 
the magnet is approaching the coil. 
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(b) State the factors on which the magnitude of the induced current depends, and the 
source of the electrical energy obtained. s apes 


(c) What is this phenomenon called? « PISE AMUSED E : 
4d) State the rule which determines the direction of induced current ? 
(e) Give reason for the generation of induced current. ~ : 
33. (a) Draw a diagram to illustrate the essential features of a transformer ¿connected to a 
200-volt ‘main and lighting a 50-volt lamp. ` 
(b) State the type of transformer (step-up or step-down) 
{c) State the type of electric main (a.c, or d,c.) 


34. (a) How: can one locate a. concealed current-carrying conductor:? 
(b) How will you connect a table. lamp to the.mains plug so that the cable connecting 
the plug to the lamp produces little or no magnetic field ? 
35. ‘State the rule for the direction of a : seine ; z 
(a) magnetic field produced around a current-carrying conductor:;, ,.... i 
"(b) force experienced by straight conductor, carrying current, placediin magnetic field ; 
(c) current induced in a straight conductor, cutting the magnetic lines of force. 
36. On what factors does. the force experienced. by.a current-carrying conductor:placed in a 
uniform magnetic field depend ? i i 


ZZ 
IEE 


SENSITIVE GALVANOMETEA 


Fig. 8.85 : 


37. Consider the apparatus shown in Fig. 8°85. As the rod Pi Moves “in the i 
field from the right find by Fleming's left-hand rule, the; ae in which fore: vill 
be experienced by the negative charges within the rod. What will be the direction; of 

„induced current produced by this force?’ Is this‘diréction ‘of induced current according 
to Fleming’s right-hand rule. 


[Hints : Force on negative charges along PQ. Induced current in direction OP; yes} 


38. Waal is an electromagnetic induction ? Describe an experiment, to..demonstrate this 
phenomenon. : i 


39. \The 5-pole'of a horse-shoe ‘magnet rests or the table, with the N-pole vertically above 
ites Avbeam: of alpha’ particles moves from left to right through the, space; between the 
poles. « Apply Fleming’sRule to get the direction of deflection of alpha. particles. 

E 3 [4.1.8 S. 1987] 
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(a) What is the magnitude of the force of the wire ? 
(b) What is its direction ? [Ams. (a) 0'25 N (b) Out of plane of paper] 


Two long parallel wires are 10°0 cm apart and carry current of 2'0 A and 5'0 A in the 
same direction. Find the magnitude of the force between the wires. Is it force of 
repulsion or force of attraction? po=47x 10-7 Tm/A. 

[Ans. 2x 10-5 Nm™ ; attraction] 


A 0'Sm long segment of a wire carrying a2x107 pÀ current experiences a force of 5N 
when it is perpendicular to a magnetic field. What is the magnitude of To pa ? T 
Ans, 0'5 


A circular current loop of radius 0:2 m has a resistance of 100 ohms and is connected 
to a 12V battery. What is the magnetic field at the centre of the loop? po=4r x 1077 
Tm/A. [Ans, 3:77 x107? T] 


The magnetic field due to a current pulse in a single long, straight axon (nerve fiber) is 
found to be 1:2x 10710 T at a distance of 1:3 mm from the axon. How large is the 
current in the axon? yo=4n X 1077 Tm/A. [Ans. 780x1077 A] 


13. 


14. 


Two parallel wires attract each other with a force of 10-4 Nm- of length. The wires 
are 0'01 m apart. The current in one wire is 20A. What is the magnitude and 
relative direction of the current in the other wire? (po=4rXx10-? Tm/A). 

[Ans. 0:25 A; parallel] 
A wire carrying a current of 5 ampere perpendicular to a magnetic field of IT 
experiences a force of IN. What is the length of the wire ? [Ans. 0:20 m] 


A current of ImA is passed through a straight wire of length 2cm in a uniform 
perpendicular magnetic field of 18 tesla. What is the magnetic force on the wire ? 
What will be the force when wire is placed parallel to the field ? 
[Ams. 36X10-5 N ; zero] 
A certain galvanometer has a resistance of 40 ohms and deflects full scale for a voltage 
of 100 millivolts across its terminals. How can it be made into a 2-ampere ammeter ? 
[Ans. Use a shunt of 0:050 ohm] 
If a galvanometer deflects full scale to a current of 0'010 ampere and has a resistance 
of 50 ohms, how can it be made into 
(a) a S—A ammeter ? 
(b) a 20 volt voltmeter ? 
[Ans. (a) Use of shunt of O'l ohn 
(b) Place 1050 ohms in series] 
Find the horizontal magnetic field when there is a vertical force of 3:3X10- N ona 
horizontal wire 0°67 m long carrying a current of 15 ampere. [Ams. 3°3X 10-4 tesla] 


CHAPTER 9 


Atomic Structure of Matter 


9.1. INTRODUCTION 


The world around us is made up of matter 
in a great variety of forms—solids, liquids, 
gases. To understand the structure of matter, 
we must first understand the building blocks 
out of which all matter is constructed, i.e., the 
particles which make up atoms and molecules 
and hence matter in all its forms. In this 
chapter, we will consider the particles that 
combine to form atoms and molecules, and 
how these atoms and molecules behave to 
produce the observed properties of solids, 
liquids and gases. 


If one looks at things in some detail, one 
may get confused. For example, glass appears 
to be a solid but if we ask a scientist, he will 
tell us that it is really a supercooled liquid. 
If we have had a chance to look at a small 
calculator or an electronic watch, the display 
is often made of materials known as liquid 
crystals, How can a liquid be crystalline ? 
Thus to identify correctly the true state of a 
given material, it is not enough to look at its 
gross properties but we must examine its 
structure at the atomic level (micro level). 


Atomic energy has become a household 
name in the modern world. As the human pro- 
gress (including economic development) depends 
on the use of the energy, it is thus very impor- 
tant for the student to know about the structure 
of atoms. Radioactive elements have various 
useful applications as well as harmful effects 
and so it is right to give the idea of radio- 
active substances in this chapter. 


9.2, GRANULAR STRUCTURE OF 
MATTER 


Nature has built up the material universe 
around us by combining a small number of 
elementary particles into a multitude of 
ingenious physical structures which we call 
atoms and molecules. All matter consists of a 


few elements. Each element has its charac- 
teristic atoms, There are as many kinds of 
atoms as there elements. Atoms of a given 
element are identical in all respects. Some 
elements can combine to form a compound, 
the smallest unit of which is called a molecule. 
Molecules of a given compound are identical 
in all respects. If enough energy is supplied 
to a molecule, the bonds between atoms can 
break and the molecule dissociates. In nature, 
there exist molecules which are composed 
thousand of atoms e.g. polymers and biologi- 
cal molecules. Molecules are the building 
blocks of matter. Thus, at the atomic level, 
the structure of matter appears to be granular, 
ie, with free space between atoms. Even 
though atoms are of extremely small size, it is 
possible to determine their sizes. The diameter 
of an atom is only about 10-710 m, which 
means that if atoms were placed side by side 
along a line touching one another, it would 
take about one hundred million of them to 
form a line only one centimeter long. Mols- 
cules are still large in size. 


An atom is too small to be seen čir 
even with a microscope. For example. 
der a drop of pure water a few millimei:cs in 
size. On looking at it even with a magui/ying 
lens, we will see a continuous liquid. if we 
look at it through a microscope which magni- 
fies the drop about a thousand times, we will 
still find no change in the appearance of water. 
If we could magnify the drop about a million 
times more, we would then begin to see that 
water is no longer continuous but consist of 
particles, which we call molecules. Hydrogen 
and oxygen combine to form water. Hydrogen 
is a chemical element and is therefore com- 
posed of atoms that are all of the same kind 
and are called hydrogen atoms. Actually 
hydrogen atoms join together in pairs to form 
hydrogen molecules. Oxygen is also a chemica! 
element and its molecule is composed of two 
oxygen atoms that are different in many 
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reapedty from ‘hydrogen’atoms. When ‘hydro- 
gef’and oxygen react chemically, two ‘hydrogen 
olectites” come “together” with “one oxygen 
miBletute aid the atoms are reshuffled tò form 
tó Water molecules! “each “of which contains 
hie“ oxy; tom” and” two ‘hydrogen atoms 


similar, to light... Itis; therefore, 
to designan Xray microscope: which 

Lteveal,the structure::of-the.atom. .\Jt». is, 
still aot possible; to,,.see an..individual. atom, 
but if the SA 


if the X-ra /Scattered.by 1am -orderlys 
fray, of atom i, _Solid,. it, is, possible, toz 
ET n etailed, nature of. the scattering 


Figi 9.1/0 


, eflergy “of 


= E 


bns2H20; 


the:: spatial arrangement cof “the:atoms*in the 
solid, ist adi. tobiznos fiw ow 


-One of the impressive ways. of ‘seeing? 
atoms the field ion microscope invented, .. by. 
E.W. Muller. A photograph of atoms..on. the 
surface of a metal tip (tungsten) is shown in 
Figs 9.2.05 3 amii 168 ro 
9:3, ATOMS-ARE IN, CONSTANT 
io MOTION- <: sor ai JÌ 

The mofectles’ of a substarice are ih cons- 
tant ‘motion. “They, ate continually moving 
turning “and twisting around, This random 
motion of the molecule is because of thermal 


dépends upon the average kinetic energy of the 
molecules “and ‘this energy depends upon the 
temperature. ~~" ey ee ‘oa 

“The'atoms do'not’ have sharp boundaries. 
They attract each ‘other ‘ať shall distances and 
jet do” not’ squedze each other.” “If we’ push 
then "together" too' Close; they even repel, 


Because of this tepulsion at very. short, separa: 


sii tions'and attraction at- the’ ‘large “distances, the’ 


| afons attain equilibrium af ‘some well-defined 
distance Of Separation. “Thus different mole- 
; cules have different Sizes and shapes. < 
Wheii Cwe hedt water, “wel Vitctéase the 
agitational motion of the molecule: 
to „an; increase . 


This leads 


` when we have steam (or any other gas) in a 
container, the molecules strike against the walls 


‘Matter, “The amount of motion. 


of ‘the:‘container® giving ‘them ʻa certain pusi. ` 
‘Fhoughthe push'given® by individual molecule 
is extremely ‘small, ‘their number jis so’ large 
thattotal push becomes significant. We refer 
to it‘as' the pressure of the gas." ‘Clearly if we 
increase the temperature’ of “a given “gas,” wë 
increase the energy ‘of the constituent ‘particles. 
These:would them hit the walls harderand also 
more: frequently and -so` the pressure ‘would, 
increase!’ Similarly;‘at'‘a ‘given ‘volume ‘and 
temperature i.e.’ forthe same enérgy of the 
molecules ‘when -we*increase the number of the 
molecules; there’ willbe ‘more collisions with the 
walls and so" the pressure’ would again: rise: 
Thus ‘the’ pressure; for a`given' temperature, also 
increases: with increase ‘in the'density “of the 
gasi ‘utsau five st ouicig $ 

Let us now consider what happens, when 
we start decreasing the temperature of a drop 
of water. ,The energy ‘of the, molecules would 
start . decreasing:,-;When, ‘the temperature gets 
very. low,-the-motion,of the molecules becomes 
very.slow and the.binding between).molecules 
becomes simportant:»< They get almost fixed ia 
certain locations. This leads.to the formation 
of.a crystalline solid. + 


The..above example, illustrates ..the main 
differences -between..solid, liquid. and .gaseous 
states of a substance-on the basis.of the atomic 
model... In.a_solid, the particles. are arranged 
in.some order and have, their. relative, positions 
almost fixed so that on applying a. small force, 
it does not change, itssize or shape. .The f 
molecules vibrate about the equilibrium 
position and they do not have enough energy 
to“overcome’thé “attractive*force. “Ina liquid, 
thes particles» are “held together but ‘thermal 
agitation dominates and molecules no longer 
occupy fixed positions, They move around at 
random and aliquid takes the shape of the 
vessel which holds it. 1n the gaseous state, the 
bonds between the molecules are broken and 
they fly about in -all directions. If enclosed in 
a vessel, a gas occupies all available volume. 
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The average distance of separation between tho 
gas molecules is considerably greater than the 
range of intermolecular forces and. the 
molecules move in straight lines between 
collisions. 5 4 


The above description’ serves to illustrate 
how the bynes sre concept of matter helps 
us to understand the various physical properties 
of substances around us. 3 Presi 


9.4. STRUCTURE OF ATOMS 


In“: tne past few decades experimental 
physists have discovered a whole ‘zoo’ of 
elementary particles, many of which are not 
understoud-even to-day. Fortunately for us 
only three of these many particles are needed 
to understand the basic structure and behaviour 
of atoms and molecules, These three are the 
electron, the proton and the neutron. 


bathe 


The electron is a particle of very small 
mass, 9 11 x 10781 kg; which ‘carries the electric 
current in the wires leading to the our electric 
toasters and TV sets. It has a negative electric 
charge of 1°60 1072 coulomb `(C), and it is 
this charge which gives the electron its unique 
importance in practical electricand electronic 
circuits: 


The proton has a mass 1836 times that of 
the electron, or 1673x10-27 kg still a small 
mass’ on ‘any Ordinary scale. The proton’s 
charge “is positive, “and is exactly equal in 
magnitude to the charge on the electron. The 
radius. of a proton is. believed to be about 
0:8 x 10-15 m. 


The neutron ‘has no charge, and is there- 
fore’ electrically’ neutral. Its mass is 1°675 
x10-27°kg which is close to that of the 
proton; but about 0°14 percent larger, Data 
for these building blocks of atoms are given in 
Table 9.1. 


TABLE 9.1. Properties of the Particles im Atoms 


Particle Symbol 
Electron e 
Neucleons : 
Proton P 
n 


— 1°60219 x10719 


+1°60219 x 10-19 


Charge (C) Mass (kg) 


911 x 10°82 


1:67265.x 10-27 
0 1:67495 x 10737 


Neutron 
OS 
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Water molecule, formed by the heavier isotope nuclei found~innature;~ however, “especially 
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those at the large-mass end of the periodic 
table, are unstable and decay into different 
nuclei by emitting highly energetic particles. 
Such nuclei are called radio-active. The 
phenomenon itself came to be known as 
radio-activity or natural radio-activity, a 
name given by ‘the Polish-French physicist 
Marie Curie in 1898. For example, polonium, 
actinium, uranium, ‘radium,* thorium ete: 
exhibit this phenomenon. 


The first evidence for natural radio-activity 
was found by the. French) Physicist Antoine 
Henri Becquerel (1858-1908) in 1896, when he 
discovered that a:chemical “compound contain- 
ing the element ‘uratium™was able*to’ expose 
photographic film’ placed near it in a drawer, 
even though the. film :was. tightly wrapped in 
black paper. Bequerel rightly gussed that some 
atoms, in the uranium compound. were.emitting 
particles of sufficient energy to penetrate the 
wrapping paper and expose the photographic 
film. Jt was soon established that uranium 
atoms were the culprits. A few, years later 
Marie Curie and her husband, Pierre Curie 
(1859—1906) were able to extract, using 
laborious chemical techniques, small quantities 


of the new elements’ polonium (°19PO) and 


radium (°28Ra). from tonnes of pitchblende 


and found that these elements were more highly 
tadio-active than uranium itself. Polonium 
and radium are two typical naturally radio- 
active substances. At the present time some 
30 natural elements have been found to possess 
radio-active isotopes, and over! 50 naturally 
radio-active isotopes have been identified. 
Many additional radio-active isotopes can be 
produced ‘by artificial means. 


Radioactivity isthe result “of the disinte- 
gration or decay of an unstable nucleus, Certain 
nuclei are not sufficiently stable under the 
combined operation of the strongly attractive 
nuclear force and the strongly repulsive 
coulomb force, and spontaneously decay with 
the emission of nuclear particles of various 
kinds. ES ' 


What’ Kinds of particles are emitted by 
naturally radio-active nuclei? It is .easy to 
show by a simple experiment that, they fall 
into three distinct classes. In the early days of 
the study of radio-activity, when the nature of 
these particles was as yet unclear, Lord 
Rutherford (1871—1937) differentiated them by 
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the first three letters of the Greek'alphabet as 
alpha.(«), beta (8); and gammia (/)'tays;° © 
We“ now ‘know that the’ alph 


nothing’ but helium’ nuclei strippe 


fe 
h clei, stripped’ of , their, 
electrons, that..is, 4He®*,;.0» These. relatively: 


heavy particles rapidly lose their kinetic. energy. 
by collisions; they travel on the average only 
an itch 1 so in’air before they combine with 
free... electrons ,and .become normal! helium 
atoms. They possess a positive charge, equal, 
tö 319X 10-190, which is practically twice Dah 
of “an electron. “They, are deflected by ‘the 
magnetic and electri¢ fields’ © l a 0> 

Beta (87) rays are nothing but ordinary: fasti 
electrons, which-differ from the electrons in the’ 
exterior of atoms only in that they are pro- 
duced in the decay’of radio-activé nuclei. Beta 
rays travel only a few metres in air before they 
are slowed down sufficiently by collisions to 
combine with positive ions and form neutral 
atoms. They are easily deflected by the 
magnetic fields and also by thé, electric fields, 
They. produce a distinct effect on the skin, 
They blacken photographic plates. | Their 
emission velocities approach the-yelocity of 
light i.e., 3 X 108 ms~}, 


Gamma rays are radiations of the same 
nature as light but having a very short wave- 
length, of the order of 1072%m or less,.\They 
penetrate matter readily and are unaffected by 
magnetic or elèctric fields. They have no 
charge and no rest mass. They are the) most 
difficult of all radioactive emissions against 
which to shield, | 

A question now naturally arises is whether 
a given element can have any number of 
isotopes, i.e., fora given number of protons 
can one have any umber of neutrons inside’ the 
nucleus? The answer is no. It is found” that 
in nature only a few isotopes exist for each 
element. If there|is an excess/of neutrons or a 
defficiency over what is normally found in 
nature the nucleus becomes unstable. It tends 
to become stable by emitting a charged particle, 
In the.case of neutron-rich isotopes, an electron 
(betac particle 87) is emitted. A positively 
charged electron (f* particle) called pos tron is 
emitted in the case of neutron-defficient 
isotopes. Note that neither an electron nor a 
position exist inside the nucleus. They are 
created there—an electron by the transforma- 
tion of a neutron into a proton and a positron 


obys the transformation of a proton into a 


neutron, 
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_ We can never kuow how long it will take 
any particular nucleus to decay just as we can 
never know how long it will take for a parti- 
cular atom to fall spontaneously to a lower- 
energy state and emit light. What we can 
determine experimentally, however, is how long 
it takes on the average, for a large group of 
radio-active nuclei of the same species to decay 
to some other species. Suppose, for example, 


that we have 100 million 137Cs nuclei in a 


box. If we could go away and return 30 years 
later, and again count the number of cesium 
nuclei present, we would fing that we had only 
50 million left. The other 50 million would 
have spontaneously transformed themselves into 
barium nuclei by the following beta—decay 


IBCs > p-+197Ba 
(E0) 


If this is the case, we say that the half-life 
of 487Cs is 30 years. 


Thus the half-life of a radio-active sample 
is the time required for the number of radio- 
active atoms to drop to half its initial value, For 


example, the half-life of "8U is 4-5x10® years, 
whereas for *35U it is 0:17x10¥ years. This 


explains why *33U occurs in such a small pro- 


portion in the natural uranium, The half-life 
of radio-active atoms varies considerably— 
ranging frem billions of years to a fraction of a 


second. For example, 14C which is a g- 


emitter and transforms to 14N has a half-life of 


4 
x 
> 


S—i 


my 
= 


k— 


5730 years and that of ?4Na is about 15 hours. 
The half-lite of $1Sc is 0:6 s. 


The half-life is a measure of the stability 
of a particular nuclear species. In one half-life 
the amount of the radio-active substance is cut 
in half; in two half-lives it is reduced by a 


factor of 4 ; in three half-lives by a factor of 8, . 
and so on, as shown in Fig. 9.7 for the decay ` 


of 182Cs. At the end of three half-lives (i.e., 


about 90 years in this case) seven out of every 

eight Cs nuclei have been changed into Ba, on 

the average. This kind of decay is plotted in 

i 9.8, where the symbol Tı,2 denotes half- 
e. 

9.7. NUCLEAR REACTIONS 


We have been discussing natura! radio- 
activity, a phenomenon caused by the intrinsic 
instability of some nuclei which leads to their 
emitting alphe, beta, or gamma particles and 
decaying into other kinds of nuclei. It is 
possible, however, to take extremely stable 


nuclei, such as 24N, the nuclei of the atoms 


forming nitrogen molecules in the air and make 
them unstable by bombarding them with highly 
energetic particles like protons, deuterons, or 
alpha particles. These particles can force their 


No | ORIGINAL NUMBER OF NUCLEI 


No/2 


NUCLEI REMAINING 
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way inside a stable nucleus and create a new, 
unstable nucleus, which then decays into yet 
another nucleus and other smaller particles. 
This process is called a nuclear reaction or a 
transmutation or artificial (or induced) 
rodio-activity, 


Suppose we fire high-energy alpha particles 
at a nitrogen nucleus. One reaction which 
occurs is found by experiment to be : 


fHe + N + [e] -+ IH + Yo 


In this reaction the alpha particle combines 
with the nitrogen nucleus to produce the highly 


unstable fluorine nucleus !$F, which then. 


spontaneously decays into a rare isotope of 
oxygen and a proton as shown in Fig. 9.9. 


The braces around the 18F indicate that this 


compound nucleus cannot be observed because 
its life-time is so short, but, to make sense of 
the experimental data, must be presumed to 
have existed for a very fraction of a second, 


In fact the above mentioned nuclear reaction 
was the first to be achieved by Rutherford in 
1919. Scientists encouraged by this first success 
showed that such nuclear reactions using 
«-particles could only be brought in light 
elements. For elements higher up in the 


ST 1/2 
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table, the coulomb repulsion between 
the atom’s nucleus andthe’¢-particle: would be 
very largesiandethe energy of the u-particle 
would not be enough: to, overcome. this: -To 
dy this Riis of nuclear reactions in heavier 
elements, bparticle accelerators like cyclotrons 
and »betatronschave . been built “These can 
accelerate not only*‘-particles but ‘also’ other 
charged:particles 2:2} protons, ‘deuterons and 
electrons to very high energies to get. close 
enough tothe bombardéd nucleus to produce a 
new, unstable nucletis? © These high energy 
charged ‘particle beans have been ‘used to study 
many nuclear reactions: Be n ieee 
Ser Adancwl aac vino tine j 


4 The real impetus to the nuclear reaction was 
given by the pioneering discovery of the neutron 
by Chadwick, The neutron is an uncharged 
particle with very nearly the same mass as that 
of the proton. Since neutron carries no charge 
and is massive so it produces no ionisation and 
is not affected by the electric field around the 
nucleus. Jn other words it experiences no 
potential barrier difficulty in penetrating atomic 
nuclei even if they are heavy and highly 
charged. Hence neutrons are also very effective 
transmuting agents. Not only Jast neutrons are 
capable of disintegrating nuclei but also and 
especially slow neutrons have been found to be 
extremely effective. The neutron has the com- 
pensating disadvantage that it cannot be accele- 
tated by electric or magnetic fields, since it has 
no charge. Physicits desiring to use neutrons 
as nuclear bullets, have to rely on reactions 
which have energetic neutrons as end_products: 
Fermi (1901-1954) studied nuclear reactions with 


nuclei of different elements-caused by-neutrons: ~ 


These studies led to the discovery of a new kind 
of nuclear reaction which is named nuclear. 
fission. 


“isotopes of “Other elements. 


Other examples of nuclear reactions 
(i) 3Li + 1H + 2$He + Energy 
(i) 34+ 8U [8n JHN +2 
a (neutron) 


Equations Governing Nuclear Reactions 


` In the radioactive decay of nuclei, all the 
basic conservation principles of physics must 
be obeyed, These. include the.conservation. of 
electric charge, of mass,.of energy, ‘and of linear 
and angular momentum. TE: 
To:guarantee ithe: conservation” of électfic 
charge and of mass (neglecting for the present 
the conversion.of. mass into, energy).in any 
nuclear reaction, the following rules must be 
satisfied) in the equation*describing the ‘reaction. 


EN THe sum of the charge numbers on. the 
left'side of the equation must be equal. to. the 
sum of the charge numbers on the right side 
of the equation. This guarantees the conserva- 
tion of charge. 

i2.: The sum ofthe mass numbers on the 
left side of the equation must be equal to the 
sum of the mass numbers on the right side of 
the equation. This guarantees the conservation 
of the number of nucleons taking part in the 


reaction, or the conservation of nucleon 

number. 

9.8. NUCLEAR FISSION AND NUCLEAR 
FUSION 

Nuclear Fission 


In 1939 Strassmann and Hahn found that 
when uranium atom of atomic weight 235 was 
bombarded with a slow heutron, it broke»up 
into two nuclei, one of barium (atomic weight 
56) and the other of Krypton (atomic weight 
39) and the nuclear reaction was accompanied 
by 3 neutrons and tremendous amount of 
energy. 


2U + nb > 1Ba + kr a 3m 
{slow 
neutron) > 
- The products df this nuclear reaction are 
bighly radio-active and quickly decay into 
For example, the 
half-life of 1$3Ba is 18 min, and of 8eKr only 
2:4 s, 
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Stage of the chain. The result of this chain 
Teaction is the release of a huge amount of 
energy in a very short time. This is the prin- 
ciple of an atom bomb. The first atom bomb 
used in Hiroshima utilized *23U as the main 
Teacting substance and the second atom bomb 
used in Nagasaki made use of plutonium 
*3aPu. The fission in both cases is similar and 
uncontrolled. 

Now-a-days we can convert atomic energy 


(or nuclear energy) into mechanical power for 
industrial and other peaceful uses by possible 


methods, viz., by controlling the chain reaction . 


by using a moderator e.g., heavy water, deu- 
terium, beryllium, carbon etc. An apparatus 
designed to use atomic energy in controlled 
form is called an atomic (or nuclear) reactor or 
an atomic pile. In India, we have Power plants 
based on nuclear energy at Tarapore 
(Maharashtra), Kalpakkam (Tamilnadu) and 
Kota (Rajasthan). Any amount of natural 
uranium will not sustain a chain reaction. This 
is because natural uranium contains only 07% 


of *85U. The more abundant (993%) isotope 


238U is fissionable only by very fast neutrons 


and that too with low probability. To generate 
nuclear energy from natural uranium js a much 
more complex process but has been mastered, 


Naclear Fusion 


Another source of nuclear energy comes 
from fusion, which is the reverse Process of 
fission. Nuclear Jusion isa nuclear reaction in 
which two light nuclei are combined, or fused 
together, to form a heavier nucleus, accom- 
panied by the release of large amounts of energy. 
When two light nuclei like a deuterium nucleus 


(7H) and a tritium nucleus (H) fuse to pro- 


duce a helium nucleus (4He) and a neutron, it 


is found experimentally that a large amount of 
energy is released. 


The problem with fusion processes is that 
they only occur at very high temperature 
(107 to 108 K) such as exist in the sun or other 
stars. Thus this process is responsible for the 


Though fusion reaction has been produced in 
the laboratory, we are still far from using this 
reaction as a source of continuous power. 


9.9. USES OF RADIATIONS AND 
RADIOISOTOPES : 


Researches in the field of nuclear energy 
have led to wide applications of nuclear radia- 
tions and radio-active isotopes in such diverse 
fields as medicine, engineering, agriculture, 
besides basic sciences. 


Nuclear radiations are being used in the 
treatment of cancer and other tumours. These 
are also used to sterilize medical supplies, like 
syringes, blood transfusion sets etc. These are 
sterilized after Packaging so that problems of 
recontamination during packaging are avoided. 
Radiations are also used to preserve wooden 
objects of art, like statues. Radiation exposure 
to plastic and rubber objects makes them 
suitable for high temperature use, Another 
important area of application of nuclear radia- 
tion isin the preservation of food. Potatoes 
and other food items can be preserved over 
long periods of time by irradiating them with 
gamma rays. Irradiation of sewage waste 
helps to decontaminate it, which can then 
safely be used as manure. Work in this direc- 
tion is going on in India. 


Radioactive isotopes are called radtusotopes. 
They have found wide applications in various 
fields. The most important fact to remember 
when dealing with radioisotopes is that they 
have the same chemical Properties as the stable 
isotopes of the same elemennt. No one can 
distinguish 24NaCl from 23NaCl on the dinner 
table. If the two isotopes are introduced toge- 
ther into some chemical or physical system, 
they both proceed together and chemical 
analysis will not differentiate between them. 
However, since *4Na is an electron (Beta) 
emitter, its progress through the system can 
be followed by means of a counter. Minute 
quantities are detectable and when a process 
has to be followed it is only necessary to mix a 
trace of the radioisotope with the stable isotope 
and insert them together. The stable isotope is 
always accompanied by the active isotope so 
that the main role of the element can be traced 
by the presence of its tadio-isotope. This 
technique has given rise to the expression 
“tracer method”. Such methods are widely 
used in research and industry, in agriculture, in 


biology and medicine, in metallurgy and engi- 
neering. Radioisotopes are used in diagnostic 
medicine and subsequent treatment in radio- 
graphy and in the measurement of thickness 
and height and in leak detection in under-ground 
pipes containing liquids (usually petroleum 
oils) or gases. A few examples will now be 
described. 


[a] In Medicine : 


(i) Used as soluble (24NaCl), this radioiso- 
tope finds many applications in the study of the 
transfer of soduim within the human body 
and provides valuable information concerning 
the flow dynamics of the body. If radio-sodium 
is injected at one extremity of the body it can 
be detected within a few seconds at the other 
extremity. The flow of blood can thus be 
followed and any constrictions on blood vessels 
are readily detected. Because of its comparati- 
vely short half-life the radio-sodium is soon 
transformed into stable magnesium. 

(ii) Radio-iodine (131I) has ‘a half-life of 
eight days and is useful in medicine because it 
is known to accumulate in the thyroid gland 
and in the brain. Being a gamma emitter 
radio-iodine is useful in locating deep- 
seated disorders such as brain tumours and 
malignant thyroid tumours Ordinary thyroid 
iodine deficiency can also be treated in a con- 
trolled manner using (111) as the tracer. 


(iii) Cobalt-60 emits gamma rays having 
an energy of about 2x10718 J. Such penetra- 
ing gamma rays can be used in the treatment 
of deep cancerous growth and this method has 
largely superseded the old radium methods. 


Leukemia is found to respond to treatment 
by radiation from radioisotopes of phosphorus. 


[b] In Agriculture : 


(i) Phosphorous is a necessary element in 
the complex make up of any fertilizer and the 
phosphorous (phosphate) uptake by growing 
plants from any type of soil or manure can be 
studied by labelling the fertilizer with P®? and 
following its progress through the root system 
to the foliage by means of a counter. It has 
been possible to show that some plants require 
root feeding whereas others require foli?- 
feeding. 


(ii) Another isotope used is 14C to. study 
the kinetics of plant photesynthesis. By growing 
plants in an atmosphere containing CO: it 
has been possible to understand more thorou- 
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ghly the complicated bio-chemical reactions 
involved, 


(iii) Crop mutations : Plant genetic studies 
have helped in obtaining crops with high yield, 
Tesistance to disease and adaptability to new 
environment. Desirable mutations are induced 
by irradiation of seeds by gamma rays or 
neutrons. High quality wheat and rice mutants 
resistant to certain diseases and several jute 
mutants have been evolved by this process. 


Certain insect pests can be controlled by 
adopting the so called sterile male technique. 
The procedure consists of laboratory breeding 
of large number of male insects, sterilizing them 
with alpha-radiation and releasing them for 
mating in the infested area. This will bring 
about rapid reduction in the population of the 
insects 


[c] In Industry : 


(i) Penetrating gamma rays emitted by 
cobalt-60 can be used in the radiography of 
industrial weldings, in which they reveal faults 
much ‘further inside the metal than would be 
possible with a 200 kilovolt X-ray set. More- 
over, since the source is relatively small, 
many welds can be inspected simultaneously 
by placing them in a circle around a gamma 
source. 


Yet another application of this isotope is 
the gauging of sheet thickness, where using 
the feed back principle, the machinery can be 
made self-adjusting. It can also be used to 
control the height of filling in packets of 
commercial powders. Low attenuation of the 
beam corresponds to an empty packet which 
can then be rejected automatically. 


(ii) When petroleum products are transpor- 
ted through a single long pipeline ; radioactive 
antimony-!24 used as a tracer is injected at 
the source between two different oil stocks and 
adetector kept outside the pipeline at the 
receiving end-of the line announces the arrival 
of the new stock of oil. Ina similar way the 
velocity of flow and the degree of intermixing 
of oil stock can also be found out. 


(iii) The purpose of lubricant is to mini- 
mize the wear of surfaces, for example of gears 
and bearings, in machinery. It is necessary 
to select a suitable lubricant for this purpose. 
A small quantity of radioactive isotope of ircn 
may be incorporated in the steel of a bearing 
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under test. The lubricating oil is drawn and 
checked periodically for radioactivity caused 
by the wearing away of the steel bearing. This 
gives an idea of the effectiveness of the lubri- 
cant. 


(iv) Radio-tracer techniques have been 
developed for the study of movement of silt on 
the sea-bed. In hydrology radio-tracers have 
been used for studying seepage in dams. 


[d] Carbon dating : 

It is recently developed technique to know 
the approximate age of certain items of 
animals or vegetable origin. Radio-isotope 
Carbon-14 is being continuously produced in 
the atmosphere by the action of cosmic rays 
and, at the sametime, is diminishing by disin- 
tegration. Thus there is a radioactive equili- 
brium for 14C in the atmosphere the half-life 
of 14C is 5600 years. 


$ Animals and plants have also a certain 
amount of carbon-14 in them which remains 
in equilibrium with that in the atmosphere. 
After the death of an animal, carbon-14 in its 
body goes on disintegrating exponentially 
without this loss being made up. For example, 
old bones contain less carbon-14 than new 
bones and old wood contains less carban-14 
than new wood. If we measure the ratio of 
14C to 12C in the remanants of a dead or- 
ganism and compare it with that ina living 
organism, it is possible to find when the 
organism ceased to exist. This method is now 
widely used by anthropologists and archaeo- 
logists and even historians for finding the age 
of ancient excavations, manuscripts etc. This 
method has become a standard technique and 
is known as radioactive dating. 

The subject of radiations and radioisotopes 
and their applications is now so vast that 
the reader must refer to specific books for 
further information. Millions of rupees are 
are saved annually all over the world by their 
use and great progress has been made in 
medical diagnosis and treatment. It is probable 
that we shall benefit even more in the future 
by the applications of radiations and radio- 
isotopes in factory and hospital. 


` SOLVED EXAMPLES 
Example 1. 


The radius of an atom is 10710m and that of 
the nucleus is 2x10-15m, and that of the 
nucleus is 2x 10-15 m. If the atom were magni- 
fied the size of the earth, i.e, a radius of 6400 
km, what would be the size of the nucleus ? 


Solution. 
Radius of the atom in the first case=10-10m 
Corresponding radius of the nucleus 
=2x104 m 
Radius of the atom in the second case 
= 6400 km (when magnified) 


=64 0x 103 m=64 x 105 m 


Let the radius of the nucleusin the second 
case=x 


Since, radius of the nucleus is directly 
proportions to the radius of the atom, so we 
ve 


uifg asy 3064 105 
2x10715 10710 
64x 105 X2x 10715 
or Se RY TCS 
=128 m 
Example 2 


The radii, ra of most nuclei, can be repre- 
sented by the formula 
ra=] X 10715 A13 
where A is the mass number. Determine ra 
for A=1, 2, 8, 27, 64, 125 and plot ra as a 
function of A. 
Solution. 
ra=1X 10745 A13 
(i) When A=1 
ra=1 10745 (1)13 
=1x10°5 m 
(ii) When A=2 
ra=1x 10715 (2)18 
=1:26x 10715 m 
(iii) When A=8 
ra=1x 10715(8)1/3 
=1 X 1015 (23)13 


=2x10°) m 
(i) When” ° A=27 
Tra=1 x 10715(33)1/3 
=3x10 15m 


(v) When A=64 
ra=1 x 10735 (43)1/3 
=4x 10-15 m 


(vi) When 4=125 
ra=1X 10715(58)1/3 
=5x 10715 


o -15 x 


tO Iban -15 
1x10 2x10 3x10. 4x10. 5x10 
n —— 
{inm} 
Fig. 9.11 
Example 3. 
How many protons and neutrons are there 


in germanium 32Ge ? 


Solution, 
We know that 
A=Z+N 
where: A= mass: number 
=atomic number i.e., number of 
protons or electrons 
N=number of neutrons. 


Since *X= 32Ge 


number of protons=Z=32 
Hence, number of neutrons=N=A-Z 
=72—32 
=40 


Thus 33Ge has 32 protons and 40 neutrons. 
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Example 4. 


Identify the unknown particle involved in 
the following nuclear reaction. 


ONE ON A 


(Beta) (unknown 

particle particle) 
where the unknown nucleus 2X is to be deter- 
mined 
Solution. 


From the conservation-of-charge Principle 
we have S5=Z—1 or Z=56. Similarly from 
the principle of conservation of nucleon number, 
we have 137=A+0, or A=137. The unknown 


nucleus is therefore 184X. From the periodic 


table the element with atomic number 56 is seen 
to be barium. Hence thegunknown particle is 


Example 5. 


A sample of kr gas contains 2:00 1020 
atoms of Kr ata time ‘=0. The half-life of 


SKris 28h Atatime t=11'2 h later, how 


many §Kr atoms remain ? 


Solution. 

In one half-life, the amount of the radio- 
active substance is cut in half ; in two half-lives 
it is reduced by a factor of 4, in half-lives by a 
factor of 8 and in four half-lives by a factor of | 
16 and so on. 

Thus in four half-lives (11:24), the number 
of §8Kr atoms decreases by a factor of 24=16 
Hence the number of atoms present after 11:2 h 

_ 200x1020 
Sin WIG 
=1'25 x 1019 atoms 
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10. 


SUMMARY 


ANI matter consists of a few elements. Each e'ement has its characteristic atoms. Some 
elemenis can combine to form a compound, the smallest unit of which is called a molecule. 


Molecules are the building blocks of matter. Thus, at the atomic level, the structure of 
matter appears to be granular i.e. with free space between atoms. 


Molecules are in constant molion. They are continually moving. turning and twisting 
around. This random motion of the molecule is because of thermal energy of matter. 


On the basis of atomic theory, the main diVerences between solid, liquid and gaseous states of. 
a substance can be illustrated. In other words. the simple atomic concept of matter helps us 
to understand the various physical properties of substances around us. 


An atom consists of a ceniral positively charged core. calcd the pucieu , with negatively 
charged electrons revolving round it in orbits. The nucleus, im ns tarn, is composed of two 
types of particles, protons and neutrons. 


Nucleus is the genetic name given to the protons and neutrons in the nucleus. 


A=Z+N where A is the mass number; Z is the atomic number and N is the number of 
neutrons. 


Isotopes ate the nuclei which have the same atomic number but different mass numbers. 
In some ways, the structure of an atom is similar to that of our solar system. 


In an atom, electrons can move only in certain well defined orbits and are permitted to have 
only certain discrete energy valucs. 


An electron in an atom cannot move continuously from one orbit (or one energy state) to 
another orbit (or another energy state). Rather, it jumps, from one energy state to another 
and in so doing it absorbs or releases energy in the form of a bundle or quantum of light 


Natural radio-activity is the phenomeron peculiar to the nuclei of some atoms existing 


naturally on the earth in which they spontaneously emit alpha, beta, or gamma rays and 
change into other kinds of nuclei. 


Alpha (a) particles=helium nuclei ( $He ) 


Beta (f) particles= electrons (t ) 


Gamma (y) rays=high-energy particles. 


Half-life (Ty) is the time required for half the nuclei in a sample of a particular nuclear 
species to decay radioactively . 


One element can be changed into another artificially. This proccss is called a nuclear reaction 
or a transmutation. 


Since neutron is an electrically neutral particle, it can penetrate the nucleus easily. 


Nuclear fission is the breaking up of a heavy nucleus like uranium into two nuclei of inter- 
mediate masses, together with the release of two or more neutrons and large amounts of 
energy. 


Chain reaction is the rapid build-up of energy which occurs in a nuclear bomb when the 


number of neutrons producing fission at successive stages of the reaction increases 
exponentially. 


Nuclear reactor is “large boiler in which nuclear processes generate heat which is then 
converted in electricity bya steam-el: ctric turbine. 


Nuclear fusion is a nuélear réaction in which two light nuclei are combined, or fused together, 
to form'a heavy nucleus, accompanied by the release of large amounts of energy. 
Nuclear radiationis the:radiation emitted in the radio-active decay of nuclei. 


Radioactive isotopes are called radio-isotopes. 
Nuclear radiations and fadio-isotopes have wide applications in various fields--medicine 
agriculture ; industry ; carbon dating etc. 


QUESTIONS 


[A] Objective Type Questions : 
1. Which of the following is (are) constituent particles of the nucleus of all atoms ? 
(i) protons 
(ii) electrons 
(iii) alpha particles. 
‘2. The alpha particle emitted from within the nucleus of a radioactive source 
eguivalent to 
(i) two hydrogen nuclei 
(ii) a helium nucleus 
(iii) two protons+two neutrons. 


3. The diagram (Fig. 9.12) below represents a horizontal beam of beta rays travelling 
towards and just about to enter the region between two -oppositely charged paralle! 


metal plates. 
La 
ce T 


i oe, 
woe 
: 


Fig. 9.12. 


To an observer standing behind the source of the rays, the beta rays will be 
[A] undeflected and will continue to move in a straight line. 

[B] deflected vertically upwards towards the positive plate. 

[C] deflected vertically downwards towards the negative plate. 

[D] deflected in a horizontal plane tdwards the right. 

[E] deflected in a horizontal plane towards the left. 
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10. 


This question is concerned with the following items - 
[A] proton [B] neutron [C] alpha particle [D] ion [E] electron. 
Choose the item most closely related to each of the following : 
(i) a charged particle in the nucleus of all atoms, Its charge is equal and opposite to 
that of the electron. 
(ii) a negatively charged particle. 
(iii) an uncharged particle found in most atoms. 
(iv) a particle produced by the removal of one or more electrons from a neutral 
atom ' 
(v) a particle with a mass approximately four times that of the hydrogen atom, 
At 12 noon on Sunday the corrected count-rate for a radio-active source is 240 counts 
per second. At 12 noon on Tuesday the count-rate falls to 120 counts per second. At 
12 noon on Saturday the count-rate, in counts per second, will be 
[A] 60 
[B] 40 
[C] 30 
[D] 24 
[E] 20 
Which of the following statements about beta rays is (are) correct ? 


(i) beta rays carry the same charge as electrons. 
(ii), beta rays have the same mass as electrons. 
(iii) beta rays are found in the nuclei of all atoms. 
(iv) beta rays travel almost with the speed of light. 
Isotopes of the same element have ‘the same number of 
(i) protons 
(ii) electrons 
(iii) neutrons. 
Which of the following rays can be deflected by an electric field ? 
(i) alpha rays 
(ii) beta rays 
(iii) gamma rays. 
The atomic number of an element is defined as the number of 
[A] protons, neutrons and electrons in the stom of the element. 
[B] protons and neutrons in the nucleus of the atom of the element. 
[C] neutrons in the nucleus of the atom of the element. 
[D] protons in the nucleus of the atom of the element. 
[E] electrons in the atom of the element. 


n eee atom emits an alpha particle. Which of the following statements is (are) 
rue 
(i) the mass number of the atom decreases by 4. 
(ii) the atomic number of the atom decreases by 2. 
(iii) the weight of the atom decreases by 6 units, 


11. 


12. 


13. 


14. 


15. 


dalai 


A certain radioactive substance is a beta particle emitter. This means that the nuclei 
of some of the atoms disintegrate and produce : 


[A] helium nuclei 
[B] high speed electrons 
[C] electromagnetic waves 
[D] protons 
[E] neutrons 
Particles which can be added to be the nucleus of an atom without changing its 
chemical properties are called : 
(i) electrons 
(ii) protons 
(iii) neutrons 
(iv) alpha particles 
(vy) molecules 
Radio-active substances give out three types of emissions, a-particles, f-particles and 
y-rays. Of these, the most penetrating are : 
[A] a-particles and -particles equally 
[B] B-particles and y-rays equally 
[C] «-particles 
[D] 8-particles 
[E] y-tays 
About 1930, F. Joliot and I. Curie bombarded aluminium with «-particles. Radio- 
phosphorous was formed. The nuclear reaction is given 


HAI 4- 3He > RP + 2X 


The particle (x ) formed in the nuclear reaction is : 


(i) a negatively charged helium atom 
(ii) a negatively charged hydrogen atom 
(iii) a positively charged hydrogen atom 
(iv) an electron 

(v) a neutron 


One isotope of polonium has a mass number of 208 and an atomic number of 84. 
(a) The number of neutrons in a nucleus of this polonium isotope is 
(i) 0 
(ii) 84 
(iii) 124 
(iv) 208 
(v) 292 
(b) The number of orbital electrons in a neutral atom of this polonium isotope is 
(i) 0 
(ii) 84 
(iii) 124 
(iv) 208 
(v) 292 
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16. 


17. 


19, 


19. 


20. 


(c) The number of protons in the nuclei of the different polonium isotopes is 

(i) 84 

(ii) 124 

(iii) 208 

(iv) 292 

(v) variable 
When a mixed beam of «-paiticles, §-particles and y-rays enters a magnetic field 
[A] all three radiations are undeviated. 
[B] all three radiations are deviated. 


[C] the y-raysare undeviated while the « and 6-particles are deviated in the same 
direction. 


[D] the y-rays are undeviated while « and f-particles are deviated in opposite directions. 


An isotope is said to have a half-life of 8 years. This means that 
[A] after 1 year, 1/8 of the isotope has decayed. 

[B] after 1 year, 1/8 of the isotope remains. 

[C] after 4 years, 1/4 of the isotope has decayed. 

[D] after 16 years, 1/4 of the isotope remains. 

[E] after 16 years the isotope has completely decayed. 


When Be is bombarded with «-particles, one of the products is 12C. The other is 


(i) an electron 
(ii) a deuteron 
(iii) a proton 
(iv) a neutron 


When a stream of particles falls on 19B it is strongly absorbed and 3Li and alpha parti- 
cles are produced. The bombarding particles are 
[A] charged 

[B] nuclei of an element with low atomic number. 
[C] a penetrating radiation with zero rest mass. 
[D] neutral with mass similar to that of electrons. 
[E] neutral with mass similar to that of protons. 


aU nucleus differs from *#8U nucleus in that the latter contains 


(i) 3 more protons 
(ii) 3 more neutrons 
(iii) 3 more electrons 
(iv) 3 more alpha particles 


(B) Very Short Answer Type Questions : 


What is the approximate diameter of a hydrogen atom ? 


2. What is the structure of matter at the atomic level 2 


29. 


30. 
31. 
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What are the building blocks of matter ? 
Are molecules of matter stationary ? 
What is the charge of an electron ? 
What is the mass of an electron ? 
What is the charge of a proton ? 
What is the mass of a proton ? 
What is the charge of a neutron ? 
What is the mass of a neutron ? 
What is mass number ? 
What is atomic (or charge) number ? 
What are isotopes ? 
Give two examples of isotopes. 


What happens when an electron in an atom jumps from a higher energy state to a lower 
energy state ? 


What is the approximate size of a nucleus ? 

What is a deuterium ? 

What is heavy water ? 

What is the molecular weight of heavy water D20 ? 
What is an alpha particle ? 

What is a beta (8) particle ? 

What is a positron ? 

What are gamma rays ? 

Do electrons and positrons exist inside the nucleus ? 
What is the charge of gamma rays ? 

Name the places in India where the power plants based on nuclear energy are situated. 


Name the process which goes on inside the sun (or a star) which is responsible for the 
large amount of energy radiated by it. 
Name the process which is responsible for the large amount of nuclear energy when 


235U is bombarded by low energy neutrons 


If 1 g of Pot were to fission, approximately how much energy in joules would be 


released ? 
What are particle accelerators ? 
What are radio-isotopes ? 


(C) Short Answer Type and Essay- type Questions : 


Explain briefly the difference between solid, liquid and gaseous states on the basis of 
atomic theory. 
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oi Grats model of an atom and name the different parts. How is light emitted by 
atoms à 


3. What is an electron? Mention some of its properties. 
4. Comment on the statement that molecules are the building blocks of matter. 
5. What are 

(i) nuclear radiations and (ii) radioisotopes ? 


Mention some of their applications in diverse fields as medicine ; engineering, agriculture 
and basic sciences. 


6. (a) What is natural radioactivity ? 

(b) What are radioactive substances ? Name three radioactive substances. 
(c) What is the cause of radioactivity ? 

What are 

(a) alpha rays (b) beta rays and (c) gamma rays ? 

Mention three properties of each. 


8. What is the definition of the following terms ? 
(i) nucleon (ii) mass number (iti) atomic number (iv) isotopes. 


a 


9. What is a nuclear reaction ? What is another name for it? Give one example of a 
nuclear reaction. 


10. When an alpha particle is emitted from a nucleus, how are mass number and atomic 
number affected ? 


11. What are the mass numbers of (i) the neutron and (ii) the electron ? 

12. What is gamma radiation ? What is its wave-length ? 

13. What is meant by the half-life of an isotope ? 

14. What makes neutrons such good particles for bombarding nuclei ? 

15. What is the difference between a nuclear fission and a nuclear fusion ? 

16. What is a chain reaction? Distinguish between a controlled chain reaction and an 
uncontrol chain reaction. 

17. How many neutrons are there in the nucleus of 39K ? How many protons? How 
many electrons does this atom have ? 


18. Why do chemists consider different isotopes to be the same element even though their 
nuclei are not the same ? 


19. Woplg the optical spectra (or light emitted) of 35C1 and 37C1 atoms differ in any major 
way 
20 Why is the nuclear fusion reaction so much more difficult to initiate than the nuclear 
fission reaction ? 
21. Sketch and label energy levels of hyde>gen atom. 
22. Compare structure of an atom with o° solar system. 
23. Under What condition a nucleus becomes unstable? When are B+ and $- particles 
emitted ? i [A.I S.S. 1987) 
[Hints : For neutron deficient +8*. For neutron rich >67] 


24. Give one practical application each for : 


<i) Nuclear fission (ii) Radio-isotope. [A.1.S.S. 1987] 
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PROBLEMS 
Radius of a nucleus is given by (1-2 x 10-15. m)(A)1/3. Compare the size of a uranium 
nucleus (238U) with that of a hydrogen nucleus (}H). (Ans. 6:2] 


The radius of an atom is 10710 m and that of the nucleus is 12x 10-15 m. If the atom 
were magnified to a radius of 1000 Km, what would be the size of the nucleus ? 


. How many protons and neutrons are there in {Ans. 12 m] 


(i) *EgPb (ii) *34Ba (iii) RU ? [A.S.S. 1987] 
[Ans. (i) 82; 125 (ii) $6; 81 (iii) 923 146} 
Identify the unknown particle involved in the following nuclear reaction. 
2H +H — 4X4) lAns. $He] 
A sample of $9CO contains 1-0 x 10? atoms at a time f=0, Ata time #=20-96 years 


later, how many §°CO atoms remain? Half-life of $7CO is 5:24 years. 
[Ams. 6251017] 
The radii, ra, of most nuclei, can be represented by the formula 
ra=(1'2x 10718 m)(A)™3 

where A is the mass number. Determine ra for A=1, 8, 27, 64, 125 and plot r, as a 
function of A. 

[Ans. 1:2x10715 m; 2:4x10715 m ; 36 x10715 m; 4:8x10°15 m ; 6010-16 m) 
Copy and complete the following table to show the number of protons, neutrons, and 
electrons in the given atoms 


Isotope Mass number Protons Neutrons Electrons 


Complete-the tablo and draw a graph of p/n against p. 


APPENDIX 1 


TRIGONOMETRIC FUNCTIONS 


Consider a right-angled triangle PQR S 
(Fig. a). Let 0 be the angle that the hypotenuse 
PR makes with the base PQ. We define the 
following trignometric functions : 
(i) sin 0, abbreviated as sin 0: 
perpendicular _ QR 
hypotenuse PR 
(ii) cosine 0, abbreviated as cos 6 : 
cos ¢== po ubasi REO R Q 

hypotenuse PR Fig. (a). Right-angled triangle PQR 
(iii) tangent 0, abbreviated as tan 6: - 
perpendicular _ QR 

base -PO 

We further note that 

QR_QR_ PR_ siné 

PQ PR’ PQ cosh 
Also, since for this right-angled triangle 

(PQ)? +(QR)?=(PR)?? 
We obtain on dividing both sides by (PR)? 
[7r] 
PR PR 


or cos? 8 +sin? 0=1 


sin 6= 


tan d= 


Given the value of any of the ratios : ZQ; or L or QR 
We can find the angle 0 from the table of trigonometric fi 
functions for a few values of the angle are given foe: poets functiona Valtee of these 
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ae nrp Mande SENS S 
Note that /2=1°414, ./3=1-732, va? 707 and VE 577 j 
In the right angle triangle ABC, we extend the base AB to any length AB’ and at B’ 
draw a perpendicular parallel to BC. It will cut the line AC produced, at some point C’ 
(Fig. b). We thus get a new right-angled triangle AB'C’. The bigger triangle AB'C’ is similar 
to the triangle ABC; By the property of similar triangles we know that - 


gabe AC Eanes S 
ABS AC BC 
From these equalities, we get c 


BC _ BC’ . AB_ AB’, BC_ BC’ 
“AC AC’ ACRSAC E VAB FAB NE 
From this, it follows that for a given 
Uses) PC AB BC 
angle 0, the ratios 7c’ Ac and Ap i an 


hence the functions sin 6, cos @ and tan 0 are i + p 
independent of the length of the base (4B) of Fig. (b) Extension of sides of the triangle gives 
the right-angled triangle. us a similar right-angled triangle. 


Se ee 
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APPENDIX 2 
UNITS OF PHYSICAL QUANTITIES 
Name Abbreviation Remarks 
I. Length 
metre m standard 
kilometre km km=108 m 
centimetre cm cm=10-2 m 
millimetre mm mm=1078 m 
I. Mass 
kilogram kg standard 
gram g g=108 kg 
milligram mg mg=10-® kg 
Ill. Time 
second — s 
minuto min min=60 s 
hour h h=3600 s 
IV. Area 
square metro mê 
square centimetre cm? cm?=10-74 m? 
square millimetre mm? mm?=10-* m? 
V. Volume 
cubic metre m? 
cubic centimetre cm? cm3=1076 m8 
cubic millimetre mmê mm?=10 m? 
litre I 1=1073 m8 
VI. Density 
kilogram per metre cube kg/m’ 
gram per cubic centimetre g/cm? g/cm$=108 kg/m? 
VII. Velocity 
metre per second m/s 
centimetre per second cm/s om/s= 10-2 m/s 
kilometre per hour km/h kmjb= m/s 
VIII. Acceleration 
meter per second square m/s? 
centimetre per second square cm/s? cm/s=10-2 m/s? 
IX. Angular velocity 
radians per second (rad/s) ; D 


*Since angle is measured as a ratio, the unit of angular velocity is usually taken as 371, 


333 
APPENDIX 3 : io 
THE GREEK ALPHABET 


v 


Alpha 
Beta 


Xi 


Omicron 
Pi 
Rho 


Gamma 


Delta 


Epsilon 


Sigma 


Tau 
Upsilon 
Phi 
Chi 
Psi 


Omega 


